











Constantino Manuel Torres, PhD 


David B. Repke, BSc 


Anadenanthera 
Visionary Plant 
of Ancient South America 


Pre-publication 
REVIEWS, 
COMMENTARIES, 
EVALUATIONS ... 


44 "ps extensively researched, thor- 

oughly documented, and delight- 
fully illustrated book has a focus on 
psychoactive preparations made from 
the Anadenanthera genus and their role 
in pre-Columbian art and culture. The 
importance of Anadenanthera snuffs has 
probably been grossly underemphasized 
by many pre-Columbian anthropologists, 
and this book does a good job of correct- 
ing that oversight. It provides an effective 
integration of anthropology, archaeol- 
ogy, and ethnobotany that will fascinate 
those seeking to understand the role 
that psychoactive plants played in the de- 
velopment of New World societies as 
welas those with a general interest in 
the pre-Columbian period. 

Numerous artifacts, particularly in the 
form of snuffing equipment and smok- 
ing pipes, clearly illustrate the impor- 
tance of snuffs made from Anadenan- 
thera seeds, especially in Peru, Chile, 
Bolivia, and Argentina. As the authors 
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clearly document, there was a continu- 
ing association of these snuffs with the 
Andean cultures. The strongest case yet 
has perhaps been made that the alka- 
loid bufotenine, which occurs in rela- 
tively high concentrations in Anaden- 
anthera species, is psychoactive, a subject 
that has been of considerable contro- 
versy among scientists for many years. 

Although the focus of this book is 
Anaa Era as a psychoactive plant, 
the authors do present some informa- 
tion on the economic value of Anaden- 
anthera as a renewable resource. In addi- 
tion, one chapter provides an overview 
of the chemistry and pharmacology of 
bufotenine, related tamines, and how 
they relate to the class of what would 
be called hallucinogenic drugs.” 


David E. Nichols, PhD 
Department of Medicinal Chemistry 
and Molecular Pharmacology, 
Purdue University 
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44 Ames Visionary Plant of 

Ancient South America is an en- 
cyclopedic gem of a book that draws 
from the fields of the humanities, the 
social sciences, and the natural sciences 
to offer the first comprehensive study 
on this fascinating shamanic plant. Writ- 
ten by art historian Constantino Manuel 
Torres and chemist David Repke, this 
in-depth examination of Anadenanthera 
covers the taxonomy, ethnobotany, ar- 
chaeology, and chemistry of those spe- 
cies of Anadenanthera with seeds that, 
when ingested, invoke other-worldly 
ecstatic experiences. 

Constantino Torres traces the evi- 
dence of smoking and snuffing in the 
archaeological record and in the early 
writings of Spanish chroniclers, includ- 
ing Christopher Columbus (Cristobal 
Colón), who describes its presence among 
the Taíno Indians of Hispañola (Cuba). 
He documents early use in Columbia, 
Peru, Bolivia, Chile, Argentina, and Ven- 
ezuela as well. The highlight of Torres” 
contribution is the exquisitely detailed 
study on the iconography of Anaden- 
anthera-related themes found on monu- 
ments, ceramics, and snuffing parapher- 
nalia. Torres masterfully weaves together 
the shamanic imagery born from the 
commonality in this altered state of con- 
sciousness as evidence of the relations 
that existed between the Tiwanaku em- 
pire of Bolivia and the dwellers of the 
northern Chile desert oasis of San Pedro 
de Atacama. 

David Repke provides a rigorous re- 
view of the chemical constituents that 
have been described for this plant and 
presents primary data on the chemical 
profile of Anadenanthera seeds. Repke 
reveals the chemical secret behind the 
allure of the seeds from this tree, point- 
ing to bufotenine, which is a close ana- 


logue of N,N-dimethyltryptamine or DMT. 
According to the field and laboratory re- 
search conducted by the authors, the al- 
kaloids from the seeds of the same trees 
can change according to seasonal and 
environmental factors. The pharmacol- 
ogy of bufotenine is exhaustively exam- 
ined in terms of laboratory animal re- 
search, basic pharmacology including 
receptor interactions, and human stud- 
ies including behavioral pharmacology. 
In the concluding chapter several bio- 
assay studies are presented in which re- 
searchers themselves, including one of 
the authors, ingested ground Anaden- 
anthera seeds and later described their 
experiences. One account details the vi- 
sual effects, drawing parallels to icono- 
graphic elements found in pre-Colum- 
bian art from cultures that revered this 
shamanic inebriant. 

Asthe authors aptly state in closing, 
we may never know the intricacies of 
the complex relations that have existed 
between South American cultures and 
the Anadenanthera plant nor whether 
ancient trade in the seeds of this plant 
were intentionally designed to sow new 
religious ideology and worldviews. What 
we do know is that there is still much 
for us to uncover regarding the intri- 
cate workings of our brains, and that 
psychoactive plants, those deemed sa- 
cred by these indigenous cultures, can 
provide keys for us to unlock this mys- 
terious part of our being, our minds, 
and our existence. This solid, scholarly 
work is destined to be a classic, and 
will surely grace the bookshelves of a 
diverse reading audience." 


Stacy Schaefer, PhD 

Associate ird of Anthropology, 
Co-Director, Museum of Anthropology, 
California State University, Chico 





More pre-publication 


REVIEWS, COMMENTARIES, EVALUATIONS... 


44 A oan pere: Visionary Plant of 
Ancient South America is the re- 
sult of an extraordinary multidiscipli- 
nary investigation. Seldom (if ever?) has 
a member of the plant kingdom been 
examined in so comprehensive a man- 
ner. With the publication of this book, 
Torres and Repke have set a new stan- 
dard for investigations into native phar- 
macology, indigenous mythologies, and 
ancient art. Not only have they clearly 
documented that this remarkable tree 
has been—and continues to be—an in- 
tegral part of South American Indian 
shamanic culture over a period of at 
least 4,000 years, they show us why. 
Chemists, botanists, anthropologists, 
art historians, as well as specialists from 
several other disciplines will find this 
new book well worth adding to their li- 
braries and then carefully reading. It is 
a model of thorough scientific, investi- 
gative research, coupled with lucid, de- 
scriptive writing." 


Alana Cordy-Collins, PhD 
Professor of Anthropology, 


University of San Diego 


44 We the Western world finally 

found the Andean world, their 
food-stuff discoveries were readily uti- 
lized, with potatoes and corn rapidly 
becoming part of accepted agricultural 
science. But the mind-stuff discoveries 
of the Andean world have had a very 
different reception, with their mind- 
altering materials receiving little scien- 
tific attention. When this attitude be- 
gins to change, Anadenanthera will be 
considered a landmark. 

Certainly the beliefs and mythologies 
of the Andean world were profoundly 
affected by their mind-stuffs, parallel- 
ing the relation between the founding 
mythology of the Greeks and their mush- 
rooms. Anadenanthera prepares a foun- 
dation for studies of the relation be- 
tween Andean mythology and Andean 
mind-altering materials, thus provid- 
ing the basis for profound comparative 
studies of the Andean and the Western 
world.” 


William J. Conklin 
MARCH, Harvard University, 
Research Associate, Field Museum 
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Foreword 


My first meeting with Constantino Manuel Torres was almost 
twelve years ago, just before the initial International Conference for 
the Study of Modified States of Consciousness, which was held in the 
city and state of San Luis Potosí, in central Mexico. That was many 
years ago, and it was the story of Manuel’s research that led me to ap- 
preciate just how ancient the history of psychoactive drug use really 
is. He is a professor with Florida International University, in Miami, 
in the area of art history. But his true love is pre-Columbian art and 
culture, and he has been the source of much of our knowledge of the 
pre-Christian history of the Andean area of South America. 

It was several years earlier that I had first met David Repke. At that 
time he was an organic chemist with a northern California pharma- 
ceutical company, and 1 quickly appreciated that he was a master in 
the area of tryptamine chemistry. He was interested in the synthesis of 
plant alkaloids and their analogues, and this fit beautifully with my 
own curiosity about psychoactive compounds. Our interaction has 
led to our co-authoring of a couple of publications in the scientific 
literature. At that time, our mutual interests were focused on the N- 
alkylated analogues of the active ayahuasca component dimethyl- 
tryptamine and the four-substituted counterparts such as psilocin and 
psilocybin that are the major contributors to the activity of the magic 
mushrooms of the Psilocybe genus. 

The third component of this remarkable confluence was yet earlier, 
back in the late 1950s, when I learned of the sources, structure, and 
possible activity of a simple but largely unknown compound called 
bufotenine or mappine. It had the reputation of being a potent halluci- 
nogen, but through my own preliminary exploration with it I had 
come to the conclusion that it was not a psychedelic material. Indeed, 
some activity could be assigned to it, but I had decided that these ob- 
servations were an extension of neurological stimulation outside of 
the brain, and casually dismissed the compound as active, but not 
centrally active. The published reports on the action of bufotenine in 
clinical trials over the intervening forty years have presented much 
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conflicting data that have not satisfactorily answered this question. 
There has been a continuing contradiction between the two conflict- 
ing conclusions: one stating, “Yes, it is active,” and the other, “No, it 
is not active." This book neatly summarizes all this earlier published 
data and brings it up to date. The inescapable conclusion—bufote- 
nine is indeed a psychoactive alkaloid. 

To the curious reader, this presentation is a remarkable interdisci- 
plinary integration. It presents, with thorough documentation, the an- 
thropological, botanical, chemical, and pharmacological worlds that 
contain our scientific knowledge of a most remarkable group of trees. 
But this book, for me personally, is a pleasant bringing together of the 
worlds of three old friends, two of them remarkable scientists and the 
third one a mysterious white crystalline solid. 


Alexander T. Shulgin 
Independent Researcher 
Lafayette, California 


Preface 


At the outset, it must be appreciated how inextricably entwined are 
various plant species in the story of the New World visionary drug 
complex. That this is so attests to two rather amazing facts: (1) the 
Western Hemisphere contains what seems to be a vast array of plants 
that possess the means to open doors to other worlds, yet when the 
numbers are tallied, approximately 100 species (Schultes and Hof- 
mann 1980) out of a global estimate of 600,000 to 800,000 have been 
discovered to have been so used; and (2) the resourcefulness of pre- 
Columbian indigenous peoples at discovering and utilizing just the 
right plant or, even more intriguing, the right plant mixtures for use in 
their traditional healing practices is compelling. We have tried not to 
stray too far from the path when telling the story of the species of 
arborescent legumes with which this monograph is concerned. How- 
ever, the inescapable interconnection of Anadenanthera with other 
plant species and families used for the same or similar purposes com- 
pels the occasional discussion of them to preserve continuity. 

The genus Anadenanthera was, together with tobacco, one of the 
most widely used shamanic inebriants. It is primarily South Ameri- 
can in distribution and includes two species with two varieties each. 
The earliest evidence for the use of psychoactive plants in South 
America is provided by remains of seeds and pods recovered from ar- 
chaeological sites four millennia old. Seeds are roasted, pulverized, 
and inhaled through the nose, or smoked in pipes or as cigars. Anade- 
nanthera also serves as an ingredient for chicha (a fermented drink) 
or similar preparations. The archaeological and ethnographical re- 
cord have provided a wealth of information concerning the use of 
Anadenanthera. This is particularly true for regions of Peru, Chile, 
Bolivia, and Argentina where the climate has favored preservation of 
ancient artifacts and human remains. Study of these materials has 
provided evidence of the continuous association of Anadenanthera 
with emerging Andean cultures. Such findings are indicative of its 
central role in the cultural development of indigenous New World so- 
cieties. 
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In addition to cultural and ideological issues, there are scientific 
and economic concerns that a study of this genus makes apparent. In 
the age of sophisticated chemical synthesis in which modern methods 
of analysis have made possible the development of hundreds of new 
potential therapeutic agents in a single year, we forget that many of 
our widely used life-saving medications are either natural products or 
artificial compounds derived synthetically using natural products as 
starting points or design templates. The medicinal properties of to- 
tally artificial drugs have often been discovered using time-honored 
natural agents in classic pharmacological studies. Many of these 
wonder drugs have had their origin in the folk remedies of past centu- 
ries. As R. E. Schultes has pointed out on many occasions, there is 
some urgency in the study of indigenous (some would say “primi- 
tive") natural product use and their plant sources, particularly in the 
New World. This is because many of these plants and the people who 
use them are sadly disappearing, the former by large-scale destruc- 
tion of habitats, the latter because of inevitable enculturation by mod- 
ern societies. 

The scientific study of the visionary tryptamines has not only ad- 
vanced our knowledge in the neurosciences but has also had a direct 
impact upon the development of antimigraine medications. The use 
of these materials (and synthetic agents derived from them) as tools in 
the study of central nervous system function, although well on its 
way, is still in its infancy. Those who discount the utility of these 
agents in such endeavors would do well to ponder the words of 
Mandell and Geyer (1976: 730): 


[H]allucinogenic drugs produce massively awesome phenom- 
ena in man that can and do become prepotent over any of our 
trivial theories of how drugs may work and caution us not to be- 
come too grandiose in our feelings that we understand how 
man's brain functions. 


Although much discussion has been allocated to the botany, chem- 
istry, and anthropology of Anadenanthera, we have endeavored to 
provide information on other uses of the genus, such as in lumber and 
paper production. Such economic botany is an important consider- 
ation for the emerging nations of South America, especially in light 
of the fact that these trees are a renewable resource that grow well un- 


Preface xii 


der cultivation in otherwise marginal soils. Reforestation projects are 
sorely needed in the Western Hemisphere, as elsewhere. 

This book provides a detailed study of the genus Anadenanthera 
and its role in the construction and subsequent modifications of na- 
tive American ideologies. The first chapter focuses on botanical as- 
pects, taxonomy, and geographical distribution; distinctions between 
Anadenanthera and Piptadenia species are also discussed. In Chapter 
2 we investigate the use of Anadenanthera by pre-Columbian cul- 
tures, while in Chapter 3 we discuss ethnographical, historical, and 
traditional aspects of Anadenanthera use. These two chapters include 
formal and iconographic analyses of artistic expressions inherent in 
the associated ritual and ceremonial paraphernalia. Subsequently, 
Chapters 4 and 5 describe the chemical and pharmacological investi- 
gations of the genus and the various visionary preparations derived 
from it, with emphasis on the biologically active constituents. Theo- 
ries of the mechanisms of action of the active tryptamines and 
carboline alkaloids are presented as well as the possible synergism 
between the two classes of compounds. Finally, Chapter 6 provides a 
comparative review of the evidence. Comparisons of wood anatomy, 
morphology, and percentage of alkaloid content attest to the broad 
range of variability of the genus. Stylistic and iconographic traits are 
evaluated and provide new insights into mechanisms of ideological 
interaction. Evidence provided by investigations into the shamanic 
use of Anadenanthera in the Amazon during the postconquest period 
is compared with the archaeological evidence. We conclude with a 
comprehensive bibliography. 
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Chapter 1 


The Botany of Anadenanthera 


TAXONOMIC BACKGROUND 


The genus Anadenanthera Spegazzini is in the section Mimo- 
soideae of the family Fabaceae, order Fabales. Its first scientific de- 
scription appeared in 1737 in the Hortus Cliffortianus, from a speci- 
men growing in the Clifford Garden in Holland. Safford (1916) and 
Reis Altschul (1964) are of the opinion that the seed from which the 
type specimen was grown came from the West Indies or northern 
South America. The earliest valid name is Mimosa peregrina, from 
Linnaeus's Species Plantarum (1753; Safford 1916). Linnaeus did 
not specify why he applied the epithet peregrina. His description was 
based on the more complete entry in the Hortus Cliffortianus (Reis 
Altschul 1964). The 1806 Willdenow edition of Species Plantarum 
identified as Inga niopo the material collected by Humboldt and 
Bonpland along the Orinoco River. In 1814, Humboldt corrected 
Willdenow and identified the plant as an Acacia and not an Inga, la- 
beling it Acacia niopo (Humboldt and Bonpland 1971). In her taxo- 
nomic study of the genus, Siri von Reis Altschul (1964) considers 
this specimen to be equivalent to Anadenanthera peregrina var. 
peregrina (see Appendix). 

The genus Anadenanthera as established by J. P. M. Brenan (1955) 
and Reis Altschul (1964, 1967, 1972) was originally conceived by 
Bentham (1840, 1841-1842, 1874-1875) as section Niopa of the ge- 
nus Piptadenia. Bentham placed 25 species under Piptadenia, all of 
them American. He divided the genus into three sections, Eupipta- 
denia and Pityrocarpa with spicate inflorescences, and Niopa with 
globose inflorescences (Reis Altschul 1964; Brenan 1955). Bentham 
originally distinguished five species in section Niopa: Piptadenia 
peregrina, P. macrocarpa, P. falcata, P. colubrina, and P. microphylla. 
Bentham (1874-1875) later proposed only four species, placing P. 
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microphylla in synonymy with P. macrocarpa. Brenan (1955) indi- 
cated that Niopa is a natural group, whereas the species included in 
the other two sections were very mixed and should not be classified as 
proposed by Bentham. 

In 1922, Carlos Spegazzini founded the genus Anadenanthera to 
accommodate P. peregrina and P. falcata. He based the genus on the 
flowers lacking anther glands, and on the elliptical and elongated an- 
thers that differ from those found in the species with anther glands 
(Spegazzini 1922). According to Reis Altschul (1964) and Brenan 
(1955), this is insufficient to justify generic separation. In 1927, 
Britton and Rose proposed section Niopa as a genus (Reis Altschul 
1964). However, Anadenanthera antedates Niopa as a generic name. 

In 1955, Brenan revised the genus Piptadenia according to criteria 
that included the mode of dehiscence of the pod and the structure of 
the seed. Brenan proposed eight genera with species formerly in- 
cluded in Piptadenia. The genus Anadenanthera as proposed by 
Brenan (1955) consists of the four species formerly in section Niopa 
of Piptadenia. He distinguished Anadenanthera by the following 
characteristics: globose inflorescence; dehiscence of the pod along 
one suture; suborbicular, narrowly or not winged seeds lacking endo- 
sperms; and strictly American distribution (see also Reis Altschul 
1964). Differences in wood anatomy coincide with the eight genera 
proposed by Brenan and support the distinctiveness of Anadenan- 
thera as a genus (Reis Altschul 1964; Brazier 1958; see also Tortorelli 
1948). 

Siri von Reis Altschul (1964), in her taxonomic revision of the ge- 
nus, considered Anadenanthera to consist of two species, A. pere- 
grina (L.) Speg. and A. colubrina (Vell.) Brenan, each species having 
two varieties. The two varieties of Anadenanthera peregrina are A. 
peregrina (L.) Speg. var. peregrina Reis Altschul and A. peregrina 
(L. Speg. var. falcata (Benth.) Reis Altschul. The varieties of 
A. colubrina are A. colubrina (Vell Brenan var. colubrina Reis 
Altschul and A. colubrina (Vell. Brenan var. Cebil (Griseb.) Reis 
Altschul. 

Reis Altschul distinguished these two species by means of a few 
consistent morphological characters and their correlation with partic- 
ular geographical locations. The taxonomy was based partly on the 
presence or absence of a gland on each anther, and on the position of 
the involucre surrounding the peduncle. The two species can be iden- 
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tified most easily on the basis of the pod texture, since the flowers of 
the different genera that compose the Mimosoideae are so similar. A. 
peregrina has dull, scurfy to verrucose pods and it is the more north- 
erly of the two species. A. colubrina has nitid, smooth to reticulated 
pods, and it is limited to the southern hemisphere (Reis Altschul 
1964). A. peregrina var. peregrina (Plates 1, 2) and A. colubrina var. 
Cebil (Plates 3-5) are the two species employed as the source of psy- 
choactive preparations, most notably in the form of snuff powders. 

The genus Anadenanthera has a wide distribution on the South 
American continent and in the Greater Antilles. The two species have 
a preference for savanna habitats, although they seem to be adaptable 
to a variety of altitudes. Siri von Reis Altschul (1964: 40) stated: 


Neither species of Anadenanthera is represented, to my knowl- 
edge, in western Amazonas nor in the Andes of northern Peru, 
Ecuador and Colombia. This circumstance is probably due to an 
inability of the representatives of A. peregrina var. peregrina to 
tolerate the true rain-forest conditions through which they 
would have to pass in a westward dispersal. There is equally lit- 
tle reason to believe that representatives of A. colubrina var. 
Cebil would descend from the Andes into lowland rain-forest. 


In a study of plant domestication among the Yanomamó, Napoleon 
Chagnon reported the presence of A. peregrina var. peregrina in the 
upper Orinoco region. Chagnon emphatically stated that in this re- 
gion Anadenanthera is a jungle plant (“hisioma es una planta sel- 
vática en esta región”). All Yanomamó groups know this tree and re- 
fer to it using the same term, hisioma, suggesting a wide distribution 
of Anadenanthera in the upper Orinoco region (Chagnon et al. 1970: 
188-189). 


SPECIES DESCRIPTIONS 
Anadenanthera peregrina (L.) Speg. (Reis Altschul 1964: 45-46): 
Shrub to tall tree, 3-27 m high. Trunk 20-40 cm in diameter at 
breast height, usually leaning, twisted, sometimes divided at the 


base into several shafts; more frequently the contorted, irregular 
branches spread out above the middle of a solitary trunk into an 
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umbrella-like crown. Bark gray to nearly black with many small 
lenticels; unarmed or lower trunk producing conical thorns or 
wedge-shaped projections, sometimes intensely so when young, 
becoming tubercular-verrucose, corky, rugose and, in drier cli- 
mates, very thick. Young twigs and foliage puberulent, occasion- 
ally glaucescent; mature foliage glabrous or nearly so. Leaves, 
including petioles, 12-30 cm long, the main rachis more or less 
channeled ventrally. Petioles somewhat darkened at their bases, 
5-15 mm above which each bears a flattish, oval or oblong gland 
.5-5 mm long; 1-4 similar, smaller glands borne one between or 
just below each of the ultimate pinna pairs. Pinna pairs 10-30 or 
more, each pinna 2-5 cm or more long, opposite or subopposite 
leaflets usually imbricate 25-80 pairs, 2-8 mm long, .5-1.5 mm 
wide, linear, oblong or lanceolate, straight to falcate, at the base 
oblique or truncate, at the apex acute to acuminate to apiculate; 
venation obscure except for a single, nearly straight, slightly 
excentric mid-vein; membranaceous to coriaceous and nitid, 
sometimes differing in color and texture dorsiventrally. Heads 
10-18 mm in diameter, including stamens, greenish white to 
creamy yellow, in fascicles of 1-5, puberulous to glabrous in the 
bud; the heads axillary to the leaves and subterminal, rarely be- 
coming arranged in racemose patterns in the branch apices. 
Peduncles 1.75-4 cm long, puberulous, filiform or thicker, each 
bearing about three-quarters of the way up the axis a puberulous 
bi-dentate, campanulate involucre which becomes detached and 
slides down to encircle loosely the base of the peduncle. Calyx 
.5-2.6 mm long. Corolla 2-3.5 mm long stamens 5-8 mm long; 
anthers eglandular in the bud. Legume 5-35 cm long (including 
the stipe but not the peduncle), 1-3 cm wide, straight to falcate, 
oblongish to elongated, regularly to irregularly, vaguely or not 
at all contracted between the seeds, more or less flattened with 
margins slightly thickened; at the base attenuate to obtuse, at the 
apex mucronate to acuminate to cuspidate or, if the tip has bro- 
ken off, rounded; surface scurfy to verrucose, and dull; dark 
brown with rufous scales in dried specimens. Seeds 8-16, very 
thin, flat, orbicular to suborbicular, dark chestnut brown to 
black, shiny, 10-20 mm in diameter. 


Compared to A. colubrina, A. peregrina has a wider north-south 
distribution and is found from 20 degrees N latitude to 26 degrees S 
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latitude (Reis Altschul 1964). A. peregrina var. peregrina can be 
found in the Greater Antilles, most notably on the islands of Hispan- 
iola and Puerto Rico. It is likely that humans are responsible for the 
introduction of Anadenanthera into the Greater Antilles (Reis Alt- 
schul 1964). The distribution of the tree in the Greater Antilles coin- 
cides with Taíno occupation, early inhabitants of Hispaniola and 
Puerto Rico (see Chapter 2). The snuff prepared from A. peregrina 
seeds was of great importance to Taíno spirituality. A. peregrina var. 
peregrina is less frequently represented in the Lesser Antilles. These 
islands were occupied by Caribs, who arrived in the islands relatively 
late and are not known to have used Anadenanthera preparations. On 
the other hand, the tree is represented in Trinidad and Tobago, islands 
considered to be similar floristically to the adjacent South American 
mainland. In northern South America, var. peregrina is present in Co- 
lombia, Venezuela, British Guiana, and northern Brazil. This is the 
most widespread and north-ranging of the two varieties, occurring 
from 20 degrees N latitude to 15 degrees S latitude (Reis Altschul 
1964). A. peregrina var. falcata is a much shorter tree than var. 
peregrina. The pod, usually falcate, is shorter and narrower than in 
var. peregrina. It is found in the southern Brazilian states of Minas 
Gerais, Mato Grosso, Paraná, and Sáo Paulo, and in Paraguay. This is 
the most southern-ranging variety of A. peregrina and is found from 
15 degrees S latitude to approximately 26 degrees S latitude (Reis 
Altschul 1964). 

Anadenanthera colubrina (Vell.) Brenan (Reis Altschul 1964: 51- 
52): 


Shrub to tall tree, 3-30 m high. Trunk 30-50 cm in diameter at 
breast height, commonly erect. Bark 2-5 cm thick, grayish, 
smooth or rugose, sometimes striated with small longitudinal 
fissures; unarmed or with mammillose protuberances. Young 
twigs and foliage partly puberulent, sometimes tomentellose, 
usually becoming glabrous with maturity. Leaves, including 
petioles 4-20 cm long, the main rachis channeled ventrally. Peti- 
oles scatteredly pubescent, at their bases horizontally wrinkled 
and each commonly bearing, somewhere below the first pinna 
pair, a flattened or erect, oval to disciform more or less centrally 
depressed gland 1-5 mm long; 1-3 (rarely to 7) similar, smaller 
glands borne one between or just below each of the ultimate 
pinna pairs. Pinna pairs 7-35 or more each pinna 1.2-7 cm long, 
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usually opposite. Leaflets not always borne to the tip of the 
pinna, which may end in a fine point 1.5-2 mm beyond the ulti- 
mate pair of leaflets. Leaflets imbricate or expanded, 20-80 
pairs, .9-6 mm long, .5-1.5 mm wide, linear or slightly dilated in 
the middle, oblong to lanceolate, usually straight (not falcate), 
and the base oblique or truncate, at the apex acute to apiculate or 
obtuse; venation obscure, or with a straight or nearly straight, 
slightly excentric mid-vein, and more or less prominent secondary 
reticulated veins; membranaceous to coriaceous and nitidulous 
above, sometimes differing in color and texture dorsiventrally. 
Heads 15-20 mm in diameter, including stamens, white to whit- 
ish yellow to orangey, in fascicles of 1-7, minutely whitish- 
tomentose to nearly glabrous in the bud; the heads axillary to the 
leaves and subterminal, or becoming arranged in racemose- 
paniculate patterns in the branch apices with the leaves reduced 
or absent. Peduncles 2-4 cm long, puberulous to glabrous, 
thicker than filiform, each bearing just below the receptacle and 
often hidden by the mature head a narrow, more or less glabrous 
annular involucre. Calyx .6-3 mm long. Corolla 2.5-4 mm long. 
Stamens 5-8 mm long; anthers each with a caducous gland. Le- 
gume 10-32 cm long (including the stipe but not the thickened 
peduncle), 1-3 cm wide, straight to sometimes falcate, oblongish 
to very elongated, regularly contracted to sinuate, or irregularly 
contracted where seeds have aborted, sometimes very flattened 
and thin, with margins often strongly thickened, even though 
sometimes narrow; at the base attenuate to obtuse or truncate, at 
the apex mucronate to acuminate to cuspidate or, if the tip has 
broken off, rounded; surface smooth to reticulated, and nitid; 
light, dark or reddish brown or dark gray in dried specimens. 
Seeds 8-16, thin, flat, orbicular to oblong, dark chestnut brown, 
very shiny, 12-20 mm in diameter. 


A. colubrina is only present south of the equator, and has an ap- 
proximate distribution from O to 30 degrees S latitude (Hunziker 
1973; Reis Altschul 1964). It has adapted to a wider variety of envi- 
ronments than the other species and can be found on river banks or 
dry slopes up to altitudes of 2700 m. Anadenanthera colubrina var. 
Cebil is the more variable of the two varieties and has the wider east- 
west distributional range. It is found from the equator to 30 degrees S 
latitude (Hunziker 1973; Reis Altschul 1964) and is a taller tree than 
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var. colubrina, from which it may also be distinguished by the pods, 
which are shorter, wider, and more thickly margined. It is found in 
Argentina in the provinces of Salta, Jujuy, Catamarca, Tucumán, and 
Misiones. It grows most abundantly in Salta and Jujuy provinces—in 
some areas of western Salta it is a dominant tree. It can also be found 
in Paraguay, Bolivia, and Peru where it grows as far north as the 
Marafión River valley on the western slopes of the Andes (Reis 
Altschul 1964). 

Anadenanthera colubrina var. colubrina is the less widespread va- 
riety, found from 12 to 27 degrees S latitude. It is the most easily rec- 
ognized variety of the genus owing to the distinctive arrangement of 
the inflorescences, which are borne in paniculate patterns and have 
fewer flowers (Reis Altschul 1964). The pod is more elongated and 
darker than in var. Cebil. This variety tends to have a coastal distribu- 
tion, limited to the Brazilian states of Bahia, Paraná, Rio de Janeiro, 
and Sáo Paulo; it is also found in Misiones, Argentina (Reis Altschul 
1964). A. colubrina var. colubrina overlaps in its distribution with A. 
peregrina var. falcata. The information available for var. colubrina is 
sparse consequently our understanding of its ecology and distribution 
is limited (Reis Altschul 1964). The areas shared by A. peregrina var. 
falcata and A. colubrina var. colubrina are within the locus proposed 
by Reis Altschul (1964) for the origin of the genus Anadenanthera, 
located in the southern part of the Brazilian highlands. 


APPENDIX: 
SYNONYMS AND INDIGENOUS NAMES 


Anadenanthera Synonymy 


Anadenanthera peregrina (L.) Speg. var. peregrina von Reis Alt. (Reis 
Altschul 1964): 


Mimosa peregrina L. (earliest valid name, 1753) 
Inga niopo Humb. & Bonpl. ex. Willd. 

Acacia niopo (Humb. & Bonpl. ex. Willd.) 
Piptadenia peregrina (L.) Benth. 

Piptadenia niopo (Humb. & Bonpl. ex. Willd.) 
Niopa peregrina (L.) Britton & Rose 

Acacia microphylla Willd. 
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Acacia angustiloba (Acacia angustifolia might be a synonym) 
Acacia peregrina (L.) Willd. 
Mimosa parvifolia Poir. 


Anadenanthera peregrina (L.) Speg. var. falcata (Benth.) von Reis Alt. 
(Reis Altschul 1964): 


Piptadenia falcata Benth. 
Piptadenia peregrina (L.) var. falcata (Benth.) 
Anadenanthera falcata (Benth.) Speg. 


Anadenanthera colubrina (Vell.) Brenan var. colubrina von Reis Alt. 
(Reis Altschul 1964): 


Mimosa colubrina Vell. 

Acacia colubrina (Vell.) Mart. 
Piptadenia colubrina (Vell.) Benth. 
Anadenanthera colubrina (Vell.) Brenan 


Anadenanthera colubrina (Vell.) Brenan var. Cebil (Griseb.) von Reis 
Alt. (Reis Altschul 1964): 


Acacia Cebil (Griseb.) 

Piptadenia macrocarpa Benth. (cebil colorado and cebil moro) 
Piptadenia macrocarpa Benth. var. vestita Chod. & Hass. 
Piptadenia macrocarpa Benth. var. genuina Chod. & Hass. 
Piptadenia macrocarpa Benth. var. Cebil (Griseb.) Chod. & Hass. 
Anadenanthera macrocarpa (Benth.) Brenan 

Piptadenia Cebil (Griseb.) Griseb. 

Piptadenia microphylla Benth. 

Piptadenia Hassleriana Chod. 

Piptadenia Hassleriana Chod. var. fruticosa Chod. & Hass. 


Indigenous Names for Anadenanthera Species 
Acujá: Yecuaná, Upper Ventuari river; A. peregrina. Koch-Griinberg 1917- 


1928; Wassén 1965; Wassén and Holmstedt 1963; Wurdack 1958. 


Aimpá, Aimpé: Tupari, Rio Branco, and Guaporé, W. Brazil; A. colubrina. 
Caspar 1956; Wassén 1965, 1967b. 


Akiri: Bororo, upper reaches of the Paraguay River and its effluents, Matto 
Grosso, Brazil; A. colubrina. Fabian 1992. 


The Botany of Anadenanthera 9 


Akuá: Tunebo, Arauca River, E. Colombia; A. peregrina. Cooper 1949; 
Márquez 1979; Uscátegui 1961. 


Cebil, Cébil, Cevil, Cibil, Sebil, Sevil: Northwest Argentina, Paraguay, 
Uruguay, southeast Brazil; A. colubrina var. Cebil. Lozano 1941; Reis 
Altschul 1972; Sotelo de Narvaez 1965 (first mention: ca. 1583 —Sebil). 


Cohoba, Cogioba, Cohobba, Cojoba: Taíno, Greater Antilles; A. peregrina 
var. peregrina. Bourne 1906; Las Casas 1909; Oviedo y Valdés 1959; 
Pané 1974 (first mention: Christopher Columbus, ca. 1496); Safford 
1916; Wassén 1967a. 


Curupa, Curupá, Curuva, Curuba: Otomac, Orinoco area, Omagua, 
mouth of the Napo; A. peregrina var. peregrina. La Condamine 1778; 
Métraux 1948b; Reis Altschul 1964. See Reis Altschul 1972 and Wassén 
1965 for discussion of etymology of curupa. 


Hatáj, Hatax, Ha'tax, Jatáj, Jatáj-ilé: Wichi (Mataco); A. colubrina var. 
Cebil. Arenas 1992; Califano 1976; Dasso 1985; Dijour 1933. 


Hisioma, Hisiomi, Sisioma: Yanomamó (Waika); A. peregrina var. pere- 
grina. Brewer-Carias and Steyermark 1976; Chagnon et al. 1970; Chagnon 
et al. 1971; Plotkin 1993; Wassén 1965; Wassén and Holmstedt 1963. 


Kurupá, Kurupai, Curupay: Guaraní (S. Brazil); A. colubrina var. Cebil. 
Pardal 1937; Reis Altschul 1972. 


Morí: Kaxúyana, Trombetas River, Brazil; A. peregrina. Frikel 1961; 
Polykrates 1960. 


Vihó: Tukano, Vaupés River, Colombia. Reichel-Dolmatoff uses the word 
Vihó to refer to Anadenanthera (Reichel-Dolmatoff 1971) and Virola 
snuff powders (Reichel-Dolmatoff 1978). 


Vilca, Huilca, Huillka, Villca, Willka: Peru, Bolivia; A. colubrina var. 
Cebil. Acosta 1985; Reis Altschul 1967, 1972; Duviols 1967 (quoting a 
Relación by Cristobal de Albornoz, ca. 1580); Larraín Barros 1976; 
Ondegardo 1916 (first mention: 1571—Villca, referring to Inca use); 
Yacovleff and Herrera 1934-1935. 


Yopo, Jopa, Yop, Yopa, Niopo, Nopo: Colombia: Muisca, Tunebo, Pijao 
(Alto Magdalena), Guahibo, Guayupe (Guaviare River); Venezuela: 
Piaroa; A. peregrina var. peregrina. Aguado 1956; Gumilla 1984; Hum- 
boldt and Bonpland 1971; Oviedo y Valdés 1959 (first mention: ca. 
1535—Yop, referring to Muisca use); Smet and Rivier 1985; Spruce 
1970 (Guahibo); Vargas Machuca 1892. 


Chapter 2 


Archaeological Evidence 
for Anadenanthera Preparations 


Archaeological evidence for the use of psychoactive plants exists 
in several forms. The most direct evidence is actual plant remains in 
an archaeological context. Anadenanthera seeds have been found in 
archaeological sites in northwestern Argentina and in northern Chile 
(see Fernández Distel 1980; Llagostera et al. 1988). Tobacco and Ilex 
guayusa (a caffeine-containing plant) leaves were excavated at the 
site of Niño Korin in Bolivia (Wassén 1972b; Schultes 1972). Re- 
mains of the psychoactive cacti known as San Pedro and huachuma 
(Trichocereus pachanoi) have been found at archaeological sites on 
the central Peruvian coast (Fung 1972; Polia Meconi 1996). How- 
ever, these are rare occurrences possible only in dry environments 
with good preservation of organic materials. 

The most frequent category of evidence consists of the implements 
utilized in preparation and ingestion of psychoactive plants. Snuffing 
paraphernalia and smoking pipes provide the best evidence of this 
type. The equipment for the inhalation of psychoactive powders con- 
sists of a distinct set of implements: a small tray, a snuffing tube, a 
spoon, and leather pouches as containers for the powders (Plates 6, 7). 
Snuffing, the nasal inhalation of very fine powders, was a widely dis- 
tributed practice throughout South America and the Caribbean. It was 
generally accomplished in the following two modes: self-administered 
and collaborative. Self-administration is performed via a variety of in- 
halers, usually made of bird bone or wood. The shapes include single 
tubes and double parallel tubes, as well as Y- and V-shaped inhalers. 
The collaborative modality is usually achieved via a long bamboo or 
bird bone tube that is preloaded with the powder, one individual 
blowing the snuff into the nose of another; this method is most fre- 
quent among the Yanomamó of the Orinoco basin. Snuffing tubes in 
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pre-Columbian times are mostly single cylinders intended for self- 
administration. Archaeological evidence for the collaborative method 
is scarce. ý 

Bone, ceramic, or stone smoking pipes are also frequent in archae- 
ological sites throughout the south central Andes. Among formative 
cultures of northwestern Argentina, particularly those in the Puna de 
Jujuy, such pipes have been associated with Anadenanthera seeds 
(Fernández Distel 1980; Pérez Gollán and Gordillo 1994). 

Enemas represent another category of implements for the inges- 
tion of ritual inebriants. Enema syringes generally consist of a reed or 
bone tube to which is attached a bulb made out of a bladder or leather. 
Implements of this type have been found in Argentina, Bolivia, and 
Chile (Nordenskiöld 1930; Rosen 1924; Smet 1985; Wassén 1972b). 
Rectal ingestion of Anadenanthera seed potions is widespread in the 
Amazon basin (Smet 1985). 

Plants that are prepared as beverages, such as San Pedro cactus 
(Trichocereus pachanoi) and Brugmansia, present particular difficul- 
ties that complicate their identification in an archaeological context. 
Ingestion or preparation of such plants requires no paraphernalia that 
might be identified with certainty, and conjecture of such practices 
based solely on presence of elaborate drinking vessels is insubstantial 
and unwise. 

Artistic representation of plants constitutes a third type of archaeo- 
logical evidence for shamanic inebriants. San Pedro cacti are repre- 
sented in the stone sculptures and ceramics of the Chavín culture of 
the Peruvian highlands (ca. 1000-300 B.C.; Burger 1995; Mulvany de 
Peñaloza 1984; Sharon 2000). Probable mushroomic representations 
are seen in pre-Hispanic Colombian goldwork of the Darién style (ca. 
A.D. 900-1500s; Schultes and Bright 1979). Anadenanthera depic- 
tions are seen in the pottery of the Moche (ca. A.D. 100-800), a coastal 
culture of northern Peru (Furst 1974b). Psychoactive plants are nev- 
ertheless rarely represented in pre-Columbian Andean artifacts. The 
ingestion of psychoactive plants and the instruments employed in 
their preparation and use are sometimes depicted. Snuffing imple- 
ments, for example, are prominently displayed by the monumental 
stone figures at San Agustín, Colombia, and Tiwanaku, Bolivia (Be- 
renguer 1987; Torres 1981). 

Early colonial documents offer a fourth category of evidence. 
Chroniclers such as Ramón Pané (1974), Bartolomé de Las Casas 
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(1909), Gonzalo Fernández de Oviedo y Valdés (1959), and Fray 
Pedro de Aguado (1956), writing in the late fifteenth and early six- 
teenth centuries, clearly described the preparation and ingestion of 
psychoactive snuff powders and smoking mixtures derived from 
seeds and herbs. The plants are often referred to by their indigenous 
names, and the rituals related to psychoactive plant use are briefly de- 
lineated. The resulting primary evidence is of crucial importance to 
the understanding of ancient ritual inebriants. 

Documentation of ancient use of Anadenanthera is founded on all 
the methods described. As previously mentioned, however, archaeo- 
botanical remains of Anadenanthera are rare; representations of the 
genus in Andean artifacts likewise are restricted to Moche pottery. 
The Moche occupied the arid north coast of present-day Peru be- 
tween ca. A.D. 100 and 800. Depictions of Anadenanthera in Moche 
ceramics were first identified by Peter Furst (1974b), based on the de- 
sign of a Moche IV pottery dipper painted with a deer-hunting scene 
(Plate 8). The bipinnately compound leaves and the sinuate, irregu- 
larly contracted pods with cuspidate apices are all characteristic of 
Anadenanthera (see Donnan 1976, 1978; Furst 1974b). In addition, 
in Moche ceramics this tree is represented with its typical slightly 
arched branches. All these features clearly distinguish this genus 
from other leguminous trees abundant throughout the western slopes 
of the Andes and Pacific coast such as algarrobo (Prosopis chilensis) 
and espino (Acacia macracanta). Usually the tree is represented in 
Moche pottery, but in some instances only pods or seeds are shown. 

Anadenanthera representations are restricted to painted stirrup- 
spout vessels and pottery dippers, where it is usually associated with 
a deer identified by Christopher Donnan (1982) as the white-tailed 
deer (Odocoileus sp.). Male and female animals are depicted, al- 
though male representations are twice as common as female (Donnan 
1982). Anadenanthera trees generally form part of deer-hunting 
scenes. These scenes appear ritualistic in character since the hunt is 
conducted by elaborately dressed individuals, sometimes with super- 
natural attributes (Plates 8, 9). Several other factors reinforce the ritu- 
alistic or symbolic connotations of the hunt. Donnan (1982) re- 
marked that evidence for eating deer meat was totally absent from the 
Moche archaeological record. The deer on Moche pottery are usually 
spotted (Plate 10). This is a rare feature on white-tailed deer, and a 
white spot that is sometimes painted on the deer's neck does not seem 
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to occur in nature. In addition, deer are the only animals anthropo- 
morphized in Moche art (Donnan 1978, 1982). The ritualistic nature 
of these scenes is reinforced by the constant presence of fruiting 
Anadenanthera trees. 

We have no evidence for snuffing among the Moche, although sev- 
eral scenes involving deer depicted on stirrup-spout vessels suggest 
the possibility that Anadenanthera preparations might have been ad- 
ministered orally. In one of these scenes, two female figures are asso- 
ciated with large vessels with domed lids and attached tree branches 
that, when compared to those on the vessels with deer hunting scenes, 
could tentatively be identified as Anadenanthera. The domed lids of 
two of the vessels represented on these vases are replaced by deer 
heads (Plate 11). The constant association and identification of the 
deer with fruiting Anadenanthera trees and their association with 
these ceramic vessels and ladles underscore the possibility of oral ad- 
ministration among the Moche. A thorny, columnar cactus and a 
plant with a single flower are sometimes represented in these deer 
hunting scenes (Donnan 1976, 1982). The cactus could possibly be a 
Trichocereus species. The flowering plant has been tentatively identi- 
fied by Christopher Donnan (personal communication, 1998) as a 
bromeliad, and there is suggestive evidence for psychoactive brome- 
liads in Brazil and Mexico (Ott 1996). 

The most abundant evidence for ancient Anadenanthera use con- 
sists of snuffing equipment and smoking pipes, although chroniclers 
were reliable in describing the use of Anadenanthera by cultures they 
contacted during the early colonial period. The Taíno of the Greater 
Antilles were meticulously documented by Columbus, Pané, and Las 
Casas. The Taíno were the first people observed by the European con- 
querors to snuff and smoke both Anadenanthera and Nicotiana prep- 
arations. l 

The following sections place evidence for the use of Anadenanthera 
spp. within its proper cultural context. The detailed documentary and 
archaeological evidence related to the Taíno are discussed first. Snuff- 
ing was of great importance to the Taíno, and rituals surrounding its 
use and preparation, and the related cosmology, affected every aspect 
of their life. If Anadenanthera use by the Taíno was as important as 
the archaeological record and the early documents indicate, the ques- 
tion must be asked as to the antiquity and geographical distribution of 
this practice. Discussion of Taíno Anadenanthera use is accordingly 
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followed by an inquiry into the earliest archaeological evidence and 
its chronological development. 


THE TAÍNO 


The earliest descriptions of the use of visionary plants in the Amer- 
icas refer to smoking of tobacco and inhalation of powdered seeds of 
Anadenanthera peregrina by the Taínos of the Greater Antilles (Plate 
12; Colombo 1992; Las Casas 1909; Oviedo y Valdés 1959; Pané 
1974). Taíno is the appellation given to the Arawakan speakers that 
occupied the Bahamas, most of the Greater Antilles, and the Virgin 
Islands at the time of first contact with Europeans (1492). Irving 
Rouse (1992) divided the Taíno into three groups. The habitat of the 
Western Taíno included Jamaica, most of central Cuba, and the Baha- 
mian archipelago. The Eastern Taíno inhabited the Virgin and Lee- 
ward Islands. The Classic Taíno occupied Puerto Rico, Hispaniola, 
and the eastern tip of Cuba. For the purpose of this work emphasis is 
placed on the Classic Taíno, since most of the documentary evidence 
refers to them. 

The Arawak language family is widespread in northern South 
America, and it is generally accepted that the ancestors of the Taíno 
originated in that area. The initial migratory movements of Arawak 
speakers into the islands of the Caribbean are defined by a ceramic 
type known as Saladoid, which derives its name from the type-site of 
Saladero, located near the Orinoco River delta. These ceramics have 
the form of inverted bells and are decorated with white-on-red de- 
signs (Rouse 1964). Saladoid peoples reached Puerto Rico around 
200 B.C. and by A.D. 250 had settled the eastern half of Hispaniola 
(Rouse 1992). The Saladoid peoples displaced the Casimiroid and 
Ortoroid, the original inhabitants of the Greater Antilles (Rouse 
1992). By A.D. 600 they occupied the islands from Guadeloupe to 
eastern Hispaniola, and consequent to new migratory waves evolved 
into a culture known as Ostionoid. Ostionoid (ca. A.D. 600-900) 
groups are defined by a ceramic known as Ostiones, first reported 
from the site of Punta Ostiones, near Cabo Rojo, Puerto Rico (García 
Arévalo 1982). This ceramic type is characterized by its polished sur- 
face and cylindrical shape, with convex walls having red decorations 
(Rouse 1964). The Ostionoid are generally classified as Subtaíno, 


16 Anadenanthera: Visionary Plant of Ancient South America 


since they shared cultural traits with the Taíno of Columbus's time. 
The next pottery type in the cultural sequence is known as Chicoid. It 
was first excavated at the site of Boca Chica in the Dominican Repub- 
lic, with an early occupation of ca. A.D. 850. This ceramic continues 
the Saladoid-Ostionoid tradition, although it differs in its decoration, 
which includes linear incisions and relief (Rouse 1964). The latter 
Chicans (after A.D. 1200) could, according to Rouse (1992), be iden- 
tified as the Classic Taínos, and as the ethnicity that first came in con- 
tact with Columbus. 

Our knowledge of Taíno religion and mythology, and consequently 
of snuffing practices, is based on the writings of Columbus, Pané, and 
Las Casas. Taíno religion centered on a category of supernatural be- 
ings and spiritual forces known as zemís. The term referred to formal 
deities but could also be applied to features of the landscape, such as 
caves, rocks, streams, and trees. Zemís also served as intermediaries 
between the worlds (Pané 1974; Saunders and Gray 1996; Stevens- 
Arroyo 1988). Some zemís were related to the ancestors, others to ag- 
riculture, meteorological phenomena, and healing practices. They 
were represented in a wide variety of media, including stone, wood, 
and cotton (see Rouse 1992). Although the Taíno shared many ele- 
ments with South America, zemí worship seems to be unique to this 
culture. In order to communicate with the zemis, the Tainos snuffed a 
psychoactive powder they referred to as cohoba. 

Evidence for snuffing is present in the settlements of the early 
Saladoid, who snuffed a powder from small ceramic vessels with two 
lateral, parallel tubular projections. The Ostionoid continued this 
practice. The custom of placing the snuff on a platform atop anthro- 
pomorphic or zoomorphic figures, then inhaling it through parallel or 
forked tubes, originated with the Chicoid peoples (Plates 13, 14; 
Rouse 1992). 

The first description of snuffing practices in the Americas was 
written by Christopher Columbus from observations made during his 
second voyage (1493-1496). During his brief period of residence on 
the island of Hispaniola, Columbus observed that the natives engaged 
in a religious ceremony in which the snuffing of a psychoactive 
powder was an integral part: 


I was able to discover neither idolatry nor any other sect among 
them, although their kings, who are many, not only in Hispan- 
iola but also in all the other islands and on the mainland, each 
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have a house apart from the village, in which there is nothing ex- 
cept some wooden images carved in relief which are called 
zemis. . . . In this house they have a finely wrought board, round 
like a wooden dish in which is some powder, and is placed by 
them on the heads of these zemis in performing certain ceremo- 
nies; then with a cane that has two branches which they place in 
their nostrils they inhale this dust. The words they say none of 
our people understand. With this powder they lose conscious- 
ness and become like drunken men. (Bourne 1906: 311-312; 
Colombo 1992: 289; Pané 1974: 88-89) 


We know of Columbus's description only through the writings of his 
son Fernando, who copied his father's words from a now lost original 
manuscript (Colombo 1992). Fernando's work, written in Spanish, 
had not been published at the time of his death in 1539. His account 
was translated into Italian by Alfonso Ulloa and published in Venice 
in 1571. The original Spanish manuscript is now lost, and all we 
know of Fernando's writings is Ulloa's Italian version (Bourne 1906; 
Pané 1974). 

The work of Fernando Colombo (1992) also includes the manu- 
script of a friar, Ramón Pané (English version: Bourne 1906; Spanish 
version: Pané 1974), whom Christopher Columbus commissioned to 
collect information on all the ceremonies and antiquities of the is- 
landers (Bourne 1906; Pané 1974). Fray Ramón Pané, a member of 
the order of Saint Jerome, arrived on the island of Hispaniola on Janu- 
ary 2, 1494, and stayed on the island until the end of 1498, conducting 
what could be considered the first ethnographic research in the Amer- 
icas (Pané 1974). He recorded creation myths, beliefs about the su- 
pernatural, and names and attributes of deities. Pané obtained most of 
his information from the Taíno who lived in the vicinity of Isabela, a 
town on the north coast of Hispaniola, near the Cibao gold mines 
(Rouse 1992). His original manuscript is no longer extant, but Fer- 
nando Colombo included the entire work by Ramón Pané in his 
Historie, Chapter 61. This manuscript was used by Bartolomé de Las 
Casas, who included the data on the Taíno religion in his Apologética 
Historia de las Indias (Chapters 70, 166, 167) and had known Pané 
personally (Pané 1974). 

Pané first referred to the Taíno practice of snuffing in Chapter 11 of 
his treatise, and his descriptions deserve to be quoted extensively. 
The first mention occurs while Pané is relating the activities of mythi- 
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cal twins who had caused great havoc on the island. According to his 
account, the twins met an old man whom they addressed as “grandfa- 
ther" and from whom they requested casabe (a manioc bread). In- 
stead of casabe the old man gave them cohoba snuff: 


As soon as they came to the door of Bayamanaco and noticed 
that he carried cazabe, they said: “Ahiacabo guáracoel,” which 
means “Let us know this our grandfather” (literal trans. “Hable- 
mos con nuestro abuelo”). In like manner, Deminán Caracar- 
acol, seeing his brothers before him, went in to see if he could 
have some cazabe, and this cazabe is the bread that is eaten in 
this country. Caracaracol having entered the house of Baya- 
manaco, asked him for cazabe. . . . And he put his hand in his 
own nose and threw at him a guanguayo (?) hitting him in the 
back; said guanguayo was full of cohoba, which he had made 
that day; the cohoba is a certain powder, which they take some- 
times to purge themselves, and for other effects you will hear of 
later. This they take with a cane half-an-arm's length, they put 
one end in the nose and the other in the powder; and in this man- 
ner they inhale it through the nose and this purges them thor- 
oughly. . . . Caracaracol, after this, returned to his brothers and 
told them what had happened to him with Bayamanacoel, and of 
the blow he had received with the guanguayo on his back, and 
that it pained him very much. Then his brothers looked at his 
back and saw that it was much swollen . . . and taking a stone axe 
they opened it, and there came out a live turtle, female; and so 
they built their cabin and cared for the turtle. (Bourne 1906: 
324-325; Colombo 1992: 302-303; Pané 1974: 30-31) 


This account gives for the first time a reference to a snuff powder 
by a specific name, as well as a description of a snuffing activity. This 
story tells us about the introduction of cohoba to the Taíno and how it 
could be used to communicate with the ancestors. The introductory 
statement “let us speak with our grandfather" eventually leads Cara- 
caracol to acquire cohoba. The association of the snuff with a turtle 
should also be noted, as a zemí in the British Museum represents a 
bird with a turtle serving as a base (Plate 16; Rouse 1992; Wassén 
1965). Aspects of this narrative are apparently represented on a zemí 
(Plate 17) carved with two figures seated on the low wooden benches 
known as duhos (see page 23 in this chapter; Plate 18), and on a ce- 
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ramic figurine depicting a human with a turtle embedded on his back 
(Plate 19). 

In his discussion of Taíno healing practices, Pané made the follow- 
ing observation about the cohoba powder: 


When one is ill they bring the behique to him as a physician. The 
behique is obliged to observe a diet like the sick man himself 
and to play the part of a sick man. This is done in the way which 
you will now hear. He must purge himself like the sick man; and 
to purge himself he takes a certain powder, called cohoba, inhal- 
ing it through the nose, which inebriates them so that they do not 
know what they do; and in this condition they speak many 
things, in which they say they are talking to the zemis, and that 
by them they are informed how the sickness came upon him. 
(Bourne 1906: 327; Colombo 1992: 307-308; Pané 1974: 35) 


Pané also gave an interesting account that, among other things, il- 
lustrated the relationship between the carving of the wooden idols 
known as zemís and the snuffing of the cohoba powder: 


Those of wood are made in this fashion: When someone is going 
along on a journey he says he sees a tree which is moving its 
roots; and the man in a great fright stops and asks: ^Who is it?" 
And the tree replies “Call a behique and he will tell you who I 
am." And the man goes to the physician and tells him what he 
has seen; and the enchanter or wizard runs immediately to see 
the tree . . . and sits down by it and inhales cohoba. . .. And when 
the cohoba is made he stands up on his feet and gives it all his ti- 
tles as if it were some great lord, and he asks: “Tell me who you 
are and what you are doing here, and what you want of me and 
why you have had me called. Tell me if you want me to cut you 
or if you want to come with me, and how do you want to be car- 
ried, and I will build you a house with heritage." Then that tree 
or cemí . . . replies to him telling him the shape in which it wants 
to be made. And he cuts it and carves it as it was ordered; he 
builds the heritage house, and many times a year performs the 
cohoba. 'This cohoba is to pray to it and to please it and to ask 
and to learn some things from the cemí . . . Consider what state 
their brains are in, because they say the cabins seem to them to 
be turned upside down and that men are walking with their feet 
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in the air. (Bourne 1906: 330-331; Colombo 1992: 314-315; 
Pané 1974: 41-42) 


This text illustrates the manner in which the carving of a shamanic 
implement was closely related to the ingestion of a psychoactive sub- 
stance among the Taíno, and how the ecstatic state thus produced dic- 
tated the form the object adopted. Consequently, the black wood out 
of which these highly polished objects (zemís, duhos, snuff trays, and 
forked tubes) are usually manufactured contain power in the form of 
the spirit presumably residing in it. Polished black wood artifacts 
such as these were seen as indicators of status and its allied elite pre- 
rogatives (Helms 1986). 

Fray Bartolomé de Las Casas also refers to the snuffing of a psy- 
choactive powder, and gives an excellent account of its use. Las Casas 
resided in the Greater Antilles from 1502 to 1514, when he re- 
nounced his estates and became an activist in defense of the Indians. 
He was the first to provide a description, however brief, of the nature 
of the powder, as well as a detailed discussion of the use of the tray 
and the tube: 


They had some powders made of certain herbs very dry and 
finely ground and of the color of cinnamon or powdered henna; 
these they placed on a wooden dish, not flat but somewhat deep 
and with a slight curvature, so beautiful, smooth and pretty that 
it would not be any more beautiful if it were made of gold or sil- 
ver; it was almost black and polished like Jet. They had an in- 
strument made of the same wood and material, and of the same 
polish and beauty; said instrument was the size of a small flute, 
after two thirds of its length it divides into two hollow tubes. . . . 
These two tubes are placed on the two nostrils, and the begin- 
ning of the flute, so to say, on the powders that were on the dish, 
they would inhale to the inside with their breath, and in so inhal- 
ing they would receive the amount of powder they desired; once 
inhaled, they came out of their senses as if they were drinking 
strong wine. . . . These powders and these ceremonies or acts 
were known as cohoba, the middle syllable elongated, in their 
language; there they spoke like Arabs, or like Germans, I do not 
know what things or words. (Las Casas 1909: 445) 
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Las Casas's detailed description of the intricate carving of the snuff- 
ing implements suggests that the ingestion of cohoba and the result- 
ing visionary state were an important element in the interactions be- 
tween human beings and the supernatural. Las Casas's use of the 
plural to refer to the powders and the component herbs suggests that 
several types of snuff powder were used. The Yanomamo, for exam- 
ple, use both Virola and Anadenanthera snuffs (see Chagnon et al. 
1971). 

The first association of the word cohoba with the seeds of a legu- 
minous tree was made by Gonzalo Fernández de Oviedo y Valdés 
early in the sixteenth century (ca. A.D. 1520-1533): 


And this cohoba holds some beans inside pods about a hand's 
length and more or less long, with some inedible lentils as fruit, 
and the wood is very good and strong. (Oviedo y Valdés 1959, 1: 
292) 


Oviedo y Valdés (1959, 1: 116; 5: Plate 1, Fig. 7) also describes a Y- 
shaped snuffing tube similar to that of Las Casas: 


The caciques and other important men have some hollow sticks 
the size of a xeme, more or less the thickness of the little finger, 
and these two tubes converged into one . . . all in one piece. (1: 
116) 


From this point on, Oviedo's description of the function of this uten- 
sil differs from that of Las Casas. Oviedo proceeds: 


... and the two ends they would place in the nostrils, and the 
other single end in the smoke or herb that was flaming or burn- 
ing; these being very smooth and well carved . . . and they in- 
haled the smoke . . . until they lost their senses for a long time, 
lying on the ground inebriated . . . (1: 116) 


The previous statement has created a great deal of confusion be- 
tween the uses of tobacco and cohoba. Oviedo's description of smoke 
inhalation through a Y-shaped tube is unique and is not mentioned in 
the earlier observations of Pané and Las Casas. Oviedo y Valdés 
(1959) makes no mention of snuff powders in his work, and his de- 
scription of the use of the bifurcated tubes is, apparently, not derived 
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from personal observations. The illustration accompanying Oviedo's 
description depicts the two ends too far apart to be placed in the nos- 
trils simultaneously. Nicotiana species have been widely used for 
their psychoactive properties and snuffing is a common method of ad- 
ministration. In his comprehensive study of tobacco and shamanism 
in South America, Johannes Wilbert (1987: 165) stated, “Tobacco is 
. . clearly experienced as a sight- and vision-altering drug that per- 
mits the tobacco shaman to behold the numinous world." It is difficult 
to determine the exact distribution of tobacco snuff, since it is often 
used as an admixture to powders prepared from Anadenanthera or 
Virola. According to Wilbert (1987) the five major areas of tobacco 
snuff utilization include the Orinoco basin, the northwest Amazon, the 
Montafia-Río Purás, the Guaporé River area, and the central Andes. 
Nevertheless, the ingestion of tobacco and Anadenanthera smoke 
through the nose and mouth has been reported from the Achagua by 
Aguado (1956) during the early 1500s, and by Wilbert (1987) during 
the mid-twentieth century. 

The source of cohoba was identified definitively as Anadenan- 
thera peregrina var. peregrina (then classified as Piptadenia) by the 
North American ethnobotanist William E. Safford (1916). It should 
be noted that this genus had been previously suggested as a probable 
source of archaeological snuff powders by Max Uhle (1898, 1915), 
and Eric Boman (1908). Safford identified the source of cohoba by 
posing a series of questions: he asked whether the practice of snuffing 
by means of bifurcated tubes was still extant in any part of America; 
if so, from what plant was the snuff prepared; and was this plant to be 
found growing in the Greater Antilles? Safford answered the first 
question in the affirmative and identified the plant as Piptadenia 
peregrina, noting further that the name cohoba is still applied to it in 
the Antilles. He then went on to cite Gumilla (1984), La Condamine 
(1778), and Humboldt and Bonpland (1971) in further support of his 
argument (Safford 1916). It is likely that the Taíno introduced Ana- 
denanthera peregrina into the Caribbean from South America (Reis 
Altschul 1964; Safford 1916). The distribution of the tree in the 
Greater Antilles coincided with Taíno occupation. Clear evidence of 
Taíno trade with South America is seen in the presence of gold and 
copper alloy artifacts (Rouse 1992). 

The practice of snuffing among the Taíno can be reconstructed 
through archaeological finds and the descriptions of Columbus, Pané, 
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and Las Casas (see also Dieve 1978; Franch 1982). Cohoba inhala- 
tion rituals are represented in several pictographs in the Cuevas del 
Borbón complex (Perdomo 1978). Columbus, Pané, and Las Casas 
related that the cohoba was deposited on a round tablet or tray. The 
dish with the powder was then placed on the platform surmounting 
the head of a zemí (Plates 15-17). According to Columbus, the pow- 
ders were then inhaled through “a cane that has two branches.” Dou- 
ble, parallel snuffing tubes are a frequent occurrence in the Amazon 
(Wassén 1965). Las Casas (1909) described a Y-shaped snuffing tube 
similar to those that form part of Amazonian snuffing paraphernalia 
(Wassén 1965). Snuffing tubes of this type (Plates 13, 14) have been 
found in Taíno archaeological sites in Haiti and the Dominican Re- 
public (Arrom 1975; Caro Alvarez 1977; Kerchache 1994; Wassén 
1965). 

Most zemís associated with snuffing practices depict a seated an- 
thropomorphic figure with a small table or platform above its head 
(Plate 15). Wooden images of this type have been found in Cuba, His- 
paniola, Puerto Rico, and Jamaica (see Arrom 1975; Caro Alvarez 
1977; Fewkes 1907; Rouse 1992; Saunders and Gray 1996). The rep- 
resentation is usually male, and exhibits clear skeletonized features 
such as ribs and vertebrae (see Kerchache 1994). The process of 
skeletonization is intimately related to shamanism (Halifax 1979) 
and suggests a modified state of consciousness, propitiated in this 
case by snuffing cohoba. According to Mircea Eliade (1964) this re- 
duction to a skeleton and the acquisition of new flesh could be seen as 
a rebirth into a shamanic or mystical state. This interpretation agrees 
with the observations of Columbus, Pané, and Las Casas and clearly 
establishes the shamanic character of this type of zemí. In addition to 
the human representations, two other zemis of this type include bird 
representations as part of the base. One of these is the bird and turtle 
zemí from the British Museum previously mentioned in relation to 
the story of the origins of cohoba (Plate 16). The second was found at 
Aboukir, Jamaica (Saunders and Gray 1996). Birds are frequently as- 
sociated with the use of psychoactive plants throughout South America. 

Duhos (Plate 18), highly polished low benches with curved or ver- 
tical backs carved out of a single piece of black wood, are a third cate- 
gory of objects related to cohoba rituals (Arrom 1975; Kerchache 
1994). Las Casas (1909: 445-446; see also Safford 1916) described 
the use of duhos as follows: 
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I saw these people on several occasions celebrate their cohoba, 
and it was an interesting spectacle to witness how they took it 
and what they spake. The Chief began the ceremony, and while 
he was engaged all remained silent. When he had taken his 
cohoba . . . being seated on certain handsomely carved low 
benches which they called duhos (the first syllable elongated), 
he remained silent for a while with his head inclined to one side 
and his arms placed on his knees. Then he raised his face heav- 
enward uttering certain words. . . . He described to them his vi- 
sion, saying that the zemís had spoken to him... . 


These small benches were part of the paraphernalia utilized to contact 
the supernatural. Often they were engraved with complex curvilinear 
designs on the back and legs. The bench was frequently carved in the 
round with human or animal attributes (Rouse 1992). Small wooden 
seats are used for similar purposes by the Desana of the Vaupés re- 
gion of Colombia. Reichel-Dolmatoff (1971) notes that the benches 
provide physical rest and contribute to mental concentration during 
the trance, in addition to being symbols of stability and wisdom. The 
Creators allegedly possessed such benches during the time of cre- 
ation; while seated on them, one is protected by such benevolent 
forces. 

A vomiting stick or spatula is a fourth category of objects related to 
cohoba rituals. It is composed of a handle usually carved with human 
or animal motifs, and a curved blade; size ranges from 20 to 50 cm in 
length (Garcia Arevalo and Chanlatte 1976; Kerchache 1994). Gen- 
erally, these objects are manufactured out of wood, shell, or bone. 
Their use within the context of cohoba rituals is described, ca. 1511, 
by Pietro Martire d' Anghiera, also known as Peter Martyr (Anglería 
1964-1965). Although he never traveled to the New World, Anghiera 
collected the latest information arriving from the New World; his 
friendship with Columbus gave him access to firsthand information 
as well as to Pané's manuscript (Bercht et al. 1997). Anghiera tells 
that to make himself agreeable to the divinity, previous to the cohoba 
ritual, the behique purified his body by introducing a curved stick into 
the epiglottis in order to provoke vomit. A similar event is described 
by Gómara (1965-1966) in his Historia General de Las Indias (written 
ca. 1540-1550). 

The previous discussion demonstrates that snuff powders were 
used for specific purposes and occasions. The early chronicles coin- 
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cide as to the intensity of the inebriation and insofar as the shaman 
under the influence of the snuff spoke words unintelligible to the 
Spaniards. According to these reports, the snuff served as an interme- 
diary between shaman and supernatural; he or she acquired oracular 
capacities via cohoba snuff. This is evident from Pané”s account of 
Taíno healing practices, and of the behique snuffing cohoba to com- 
municate with the tree. Taíno art, having been conceived in a state of 
communication with the supernatural, is intimately bound to the na- 
tive cosmology. Every artifact of Taíno shamanic art (snuffing tubes, 
zemí representations, duhos, vomit sticks), are complex symbolic 
manifestations that reflect social, political, and religious ideologies. 
All such objects are characterized by subtle fluidity of form, and are 
engraved with intricate designs that exhibit the same fluid and curvi- 
linear shapes. In this manner, Taíno representations foster a dual ap- 
proach. A first reading centers on the perception of the whole object 
and its thematic manifestation, while a second reading focuses on the 
incised linear designs. If use of visionary plants by the Taíno were as 
important as the archaeological record and the early documents indi- 
cate, the question must be asked as to the antiquity and geographical 
diffusion of this practice. The following sections place evidence for 
the use of visionary inebriants within its proper cultural context. 


THE CENTRAL ANDES 


The importance of Anadenanthera use among the Taíno, and its 
complex role in the shaping of Taíno cultural elements, prompts us to 
ask questions regarding its origins, development, and temporal distri- 
bution. In the Andes, early colonial documents provide clear evi- 
dence for the use of psychoactive plants (Plate 20; see Appendix). 
These writings most commonly refer to the use of vilca (A. colubrina 
var. Cebil), the most widespread botanical source for archaeological 
visionary preparations in the central Andes. Consequently, a discus- 
sion of the significance of the nominative vilca could contribute to a 
better understanding of the function of Anadenanthera in the pre- 
Columbian world. In the central Andes, numerous accounts mention 
its use as a purgative and as an ingredient in psychoactive potions. 
Vilca signifies in Quechua and Aymara the quality of sacredness 
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(Polia Meconi 1999). The first reference to vilca as a psychoactive 
plant was made in 1571 by Polo de Ondegardo (1916, 3: 29-30): 


Those who wish to know an event of things past or of things that 
are to come . . . invoke the demon and inebriate themselves and 
for this practice in particular make use of an herb called vilca, 
pouring its juice in chicha or drinking it by another way. Note 
that even though itis said that only old women practice the craft 
of divination and of telling what happens in remote places and to 
reveal loss and thievery, it is also used today by Indians not only 
by the old but also by the young. 


In 1582, the Relaciones Geográficas de la Provincia De Xauxa 
(Hinestrosa 1965, 1: 170) referred to vilca as a bean and as a purga- 
tive; its use in association with tobacco snuff was also noted: “[I]n an- 
tiquity they did not know how to heal, until after the Inca became 
their lord . . . and they purged themselves with some small beans 
known as vilca, and they took powdered tobacco by the nose.” But the 
term vilca seems to have connotations that go beyond its description 
as a psychoactive medicine. In The Huarochirí Manuscript, a series 
of Quechua narratives and mytho-historical events compiled ca. 1598, 
vilca seems to be a quality or a state of being, someone who has 
achieved the status of huaca (Salomon and Urioste 1991). This is fur- 
ther reaffirmed in the following tale regarding the origins of vilca as a 
medicine by Santa Cruz de Pachacuti (1993: 220), an early sixteenth- 
century native chronicler. It is a quality transferred to the tree by the 
slain captain Villca Quire: 


...and on the road to Apurimac he meets the enemies where the 
Changas kill a much spirited captain. . . . And then the captain 
Villca Quire tells the infantryman: “Is it possible that without a 
struggle I must die, without having left any fruits?" And Villca 
Quire spoke, it was said, “Here remains and its left the body.” 
And he has himself buried next to a tree with the trunk carved so 
as to fit all of his body. And he tells that the grain that this tree 
shall bear will be a medicine called villca that would expel all 
sicknesses and humours and choleras from all persons. 


According to Zuidema (1979), this battle with the Chancas took 
place by the Apurimac River, at the site of the famous hanging bridge 
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popularized by Thornton Wilder in his novel The Bridge of San Luis 
Rey. The bridge provided access to the northwest quadrant of the Inca 
Empire. The Apurimac River represented the separation between the 
two cosmic worlds of the civilized highland cultures and the uncivi- 
lized Chancas and their lowland connections (Zuidema 1979). An 
important oracle, most probably related to the mythic origins of vilca, 
was located on the Cuzco side of the bridge. This oracle was de- 
scribed by the Spanish chronicler Pedro Pizarro during the mid- 
sixteenth century as an elaborately painted shrine, within which was 
located the thick trunk of a tree ornamented with gold and silver ob- 
jects and delicate female garments. The shrine was tended by a sister 
to the Incas, who later jumped into the river canyon foreseeing the 
impeding advance of the Spaniards. In Pedro Pizarro's description, 
the Apurimac spoke through the tree trunk effigy. Zuidema (1979) 
concluded that this oracle marked the location of the death of captain 
Villca Quire and consequently designated the mythic origins of vilca. 
Siri von Reis Altschul (1972) examined herbarium specimens of A. 
colubrina var. Cebil from the Department of Apurimac; this area lies 
within its habitat. A Jesuit mission to the province of Vilcas (Aya- 
cucho Dept.) documented ca. 1592 the worship of a vilca tree, includ- 
ing the placing of offerings (Polia Meconi 1999). 

The Aymara dictionary compiled by Ludovico Bertonio (1984: 
386), ca. 1612, provides additional information concerning its associ- 
ation with prophecies and sacred places: 


Villca: The sun as it was said in antiquity, and now they say inti. 

Villca cuti: The solstice when it begins to deviate from the tropic 
of Capricorn to Cancer. 

Villca: Shrine dedicated to the sun, and other idols. 

Villcanuta: Renowned shrine located between Sicuana and Chun- 
gara: It means the house of the sun according to the indian 
barbarians. 

Villca: It also is a medicinal thing, or thing given to drink as a 
purge, for sleeping, and in the sleep would come the thief 
who had taken the estate belonging to the one that drank the 
purge, and recover his estate; it was a sorcerer's deception. 


In the sixteenth century, evidence for the prohibition of snuff use is 
seen in several church documents. In a Relación by Cristobal de 
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Albornoz, written ca. 1580 (Duviols 1967: 22), is found the following 
order for the destruction of snuffing paraphernalia: 


They have another kind of huacas that are called vilcas. . .. They 
heal and purge themselves with it and are also buried with it in 
most provinces of this kingdom. It should be noted that some 
wood or stone carvings resembling sheep, and with a hole as in 
an inkwell (which is where this vilca is pulverized), must be 
found and destroyed. This is called vilcana, and it is adored and 
revered. This vilcanas are made out of many different beautiful 
stones and strong woods. They have, in addition to this vilca, 
many other types of vilcas, especially purgatives. 


Another example of religious sanctions is included in a trilingual 
(Aymara-Quechua-Spanish) set of sermons for the instruction of the 
native population, published in Lima in 1584 (Acosta 1985: folio 
104). One of the sermons explains the first commandment thus: *By 
this commandment you are ordered not to worship the sun, nor the 
moon, nor the bright star . . . not to possess villcas, or guacas, or hu- 
man effigies. .. .” 

Guamán Poma de Ayala, in his El primer nueva corónica y buen 
gobierno (1980: 57), written ca. 1612-1616, provided the following 
recipe for the preparation of a potion with vilca as one of its basic in- 
gredients: 


They had the custom of purging themselves each month with a 
purge known among them as bilca tauri. Three pairs of weighed 
grain are mixed with macay, ground and drunk by mouth and the 
other half is ingested below with a medicine [melecina in the 
original] and a clyster called vilcachina. This gave them much 
strength for battle and enhanced their health, and their lives 
lasted the time of two hundred years and they ate with much de- 
light. 


This particular oral preparation includes two other ingredients in 
addition to vilca seeds. The appellative bilca tauri suggests that tauri 
or tawri was used as an ingredient in the preparation of this purge. 
Tawri usually refers to the seeds of Lupinus mutabiles, a highland 
cultivar (Ayala 1980), with no psychoactive properties attributed to it. 
The third ingredient, macay, is described by Albornoz (in Duviols 
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1967) as a substance so powerful that a small amount added to a drink 
would cause a strong inebriation. Albornoz further stated that this 
plant was frequently used in ancient native rites and ceremonies. 

Bernabé Cobo (1964), writing ca. 1653, identified vilca as a tree 
the size of an olive tree, which produced flat pods containing shiny 
brown seeds shaped like small coins. He noted that its seeds were 
added to chicha. In the course of her herbarium search, Siri von Reis 
Altschul (1967) found two specimens labeled vilca, both belonging 
to A. colubrina var. Cebil. According to Safford (1916), seeds labeled 
huillca, purchased from an herb vendor in Peru in 1915, were identi- 
fied as Anadenanthera. Vilca (huillca; see Appendix in Chapter 1) is 
still used in the Andes, and it is presently sold for medicinal and ritual 
purposes in native markets in La Paz. Such seeds are essential ingre- 
dients of llampu, a potent concoction used in ceremonial payments to 
mountain deities known as wamanis; it wards against illnesses caused 
by these deities. In addition to vilca seeds, llampu includes grains of 
corn (only large-grain white corn is used), wayluru (Cytharexylon 
herrerae) seeds, coca seeds, one pair of white carnation flowers, and 
last, pieces of two minerals. There must be pairs of all ingredients, 
which are ground to a powder and added to the ceremonial drink 
(Isbell 1978). I know of no reports commenting on the potential 
psychoactivity of this preparation. 

From the previous information it can be concluded that vilca refers 
to a quality analogous to the state of a person who in life has achieved 
the status of huaca (see Salomon and Urioste 1991). It is shared and 
transferable, as evidenced by the tale related by Santa Cruz de Pacha- 
cuti (1993: 220) in which Villca Quire transforms the seeds of Ana- 
denanthera into “a medicine called villca.” Archaeological sites lo- 
cated in the northern and southern sectors of the central Andes (Plate 
20; Appendix) provide clear evidence for its ancient use. The south 
central Andes is the region of South America having the most ancient 
and extensive evidence for the use of Anadenanthera preparations. It 
extends from the Lake Titicaca basin to the south and includes south- 
ern Peru, Andean Bolivia, the Atacama Desert, and northwestern 
Argentina. Northwestern Argentina is the area with the earliest evi- 
dence, and is considered first. This section concludes with a compar- 
ative review of all archaeological evidence. Various iconographic and 
stylistic differences, as well as divergences in chronology, suggest 
shifts in patterns of interaction between the different areas. 
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Northwestern Argentina 


The northwestern Argentina archaeological zone is not home to a 
homogenous culture, as it is composed of distinct regional develop- 
ments. This vast mountainous area extends from the Chaco in the east 
to the Chilean border in the west, and from San Juan Province in the 
south to the border with Bolivia in the north (Bennett et al. 1948; 
Boman 1908; Debenedetti 1930). The Puna de Jujuy, the Quebrada 
de Humahuaca, and the Calchaquí Valley provide ample evidence for 
ancient use of Anadenanthera snuffs and fumatories. 

A chronology of this south-central Andean area has been proposed 
that consists of three broad cultural periods. The Formative Period 
(600 B.C.-A.D. 300) encompasses the San Francisco and Vaquerías ce- 
ramic styles, which include some of the earliest smoking pipes found 
in the central Andes. The Regional Integration Period (A.D. 300-900) 
is defined by the presence of artifacts from La Aguada culture in the 
Catamarca Valley, and La Isla Polychrome ceramics in the Quebrada 
de Humahuaca. The Regional Development Period (A.D. 900-1538) 
is characterized by the proliferation of fortified villages. The Santa 
María culture is notable during this phase owing to its bronze metal- 
lurgy and large ceramic urns with geometric decorations (Pérez 
Gollán and Gordillo 1994). 

The earliest evidence for the use of psychoactive plants in South 
America consists of materials found at the sites of Inca Cueva (IC c7) 
and Huachichocana (CH III), both located in the Puna de Jujuy, 
northwestern Argentina, at an altitude of 3860 m above sea level 
(Aguerre et al. 1973). Inca Cueva (IC c7) is a small cave with no strat- 
ification and no associated human remains (Fernández Distel 1980). 
The archaeological materials were deposited on top of a straw floor in 
the rear of the cave. Two smoking pipes (Plate 21, top) made of puma 
bone (Felis concolor) were found in association with knotted bags, 
gourds, spiral baskets, and Anadenanthera and Prosopis seeds (Aguerre 
et al. 1973; Aschero and Yacobaccio 1994; Fernández Distel 1980). 
Chemical analysis of the pipe residue indicated the presence of 
tryptamine alkaloids (Fernández Distel 1980). Radiocarbon testing 
yielded dates of 4080 + 80 B.P. (2130 B.C.; T-1773; Aguerre et al. 
1975), and 4030 + 80 B.P. (2080 B.C.; Beta 64938; Aschero and 
Yacobaccio 1994). 
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A nearby cave divulged additional evidence for the smoking of 
tryptamine-containing plants. The site of Huachichocana is located in 
the Puna de Jujuy, northwestern Argentina (Fernández Distel 1980). 
The Huachichocana cave exhibits clear cultural stratification. The 
material related to smoking psychoactive plants was found in strati- 
graphic layer E2, dated by C44 to 3400 + 130 B.P. (ca. 1450 B.C.; 
GAK-6357; Fernández Distel 1980). Remains of a male adolescent 
about 15 years old were found in association with four stone pipes 
(Plate 21, bottom; Fernández Distel 1980). Two pipes were found 
near the mouth and lying parallel to the body, the other two on each 
side of the body next to the lower legs and close to two turtle shells 
(Geochelone chilensis), two rattles with camelid kidney-stone noise- 
makers, and two staffs (probably spear throwers) decorated with tur- 
quoise inlays (Fernández Distel 1980). Abundant traces of red pig- 
ment remain on the surface of two of the pipes (Fernández Distel 
1980). No Anadenanthera seeds were found, although tests for alka- 
loids in the pipe residue indicated the presence of tryptamine alkaloids 
(Fernández Distel 1980). It should be noted that nicotine has never 
been detected in material from northwestern Argentina. 

Subsequently, ceramic pipes appear in the formative levels of agri- 
cultural societies in the Argentine northwest. The earliest clay pipes 
correspond to the initial moments of the San Francisco complex. An- 
gular pipes with high bowls, biomorphic decorations, and supporting 
legs were found at the site of Saladillo Redondo, near El Piquete in 
the San Francisco River basin, and have a radiocarbon date of 620 + 
80 B.C. This is one of the earliest ceramic period dates in northwest- 
ern Argentina (Dougherty 1972; Pérez Gollán and Gordillo 1994). 
These also are the earliest ceramic pipes known from the central An- 
dean area. Such angular pipes have been found at several sites in the 
Quebrada del Toro, the upper Calchaquí Valley, and the Puna de 
Jujuy. The extensive basins of the Pilcomayo and Bermejo rivers fa- 
cilitated their distribution to the Puna area and its eastern fringes 
(Pérez Gollán and Gordillo 1994). Similar pipes have been found in 
San Pedro de Atacama, northern Chile, but chemical analysis of the 
pipe residue has not detected the presence of any alkaloids (James C. 
Callaway, personal communication, 1999). Ceramic pipes are widely 
distributed throughout northwestern Argentina in association with 
polychrome pottery known as Vaquerías (200 B.C.-A.D. 400). Pipe 
fragments associated with Vaquerías ceramics, with radiocarbon dates 
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of A.D. 230 and A.D. 250, have also been excavated in Chile in upper 
Loa River archaeological sites (Aldunate et al. 1986). 

Evidence for snuffing practices is lacking from:the Formative Pe- 
riod (ca. 600 B.C.-A.D. 300), and appears for the first time toward the 
end of the Regional Integration Period (ca. A.D. 300-900). Most of the 
extant snuff trays and snuffing tubes from northwestern Argentina 
probably belong in the Regional Development Period (ca. A.D. 900- 
1538), in contrast to neighboring San Pedro de Atacama, Chile, 
where snuff trays and tubes are a frequent occurrence after ca. A.D. 
200. Climatic differences between the Atacama and northwestern Ar- 
gentina might partially account for the paucity of finds of wooden 
snuffing implements on the eastern slopes of the Andes. However, 
this argument is compromised by the relative frequency of such in- 
struments in this same geographical area after ca. A.D. 900. The total 
absence of such artifacts during most of the Regional Integration 
Period suggests a later adoption of snuffing practices in northwestern 
Argentina (cf. Dougherty 1972; Pérez Gollán and Gordillo 1994). 

The late adoption of snuffing practices in this area contrasts with 
the situation in other regions of the central Andes. The oldest snuff 
trays and tubes known from all of South America are those excavated 
by Junius Bird (1948; Bird and Hyslop 1985) and Frédéric Engel 
(1963) along the central Peruvian coast (Plate 22). In excavations 
conducted at the site of Huaca Prieta, Chicama Valley, as part of the 
Virá Valley Project of 1946, Junius Bird (1948) unearthed two whale- 
bone snuff trays and a bird and fox bone tube, dated ca. 1200 B.C. 
(Wassén 19672). Frédéric Engel excavated four snuff trays and eigh- 
teen tubes of the same approximate date as those found by Bird. The 
trays, tubes, and snuff powder containers were found at the site 
known as Asia in a mound referred to by Engel as Unit 1 (Engel 
1963). One of the snuff trays was associated with a bottle-shaped 
gourd that contained a grayish powder and black seeds (Engel 1963). 
Snuff trays and tubes were found subsequently in similarly dated ar- 
chaeological sites along the Pacific coast (Bird 1943; Dauelsberg 
1985; Uhle 1915). 

Once snuffing appeared in northwestern Argentina ca. A.D. 800- 
900, it spread rapidly and became a frequent occurrence at Regional 
Development Period sites. The areas with the most extensive and fre- 
quent evidence for snuffing are located in the Puna de Jujuy, the 
Quebrada de Humahuaca, and the Yocavil Valley. In the southern part 
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of northwestern Argentina, snuffing paraphernalia is not found as fre- 
quently, and it indeed marks the southern limit of the diffusion of this 
type of implement (Gambier 2001). Notably, this coincides with the 
southern limits of the distribution of A. colubrina (30 degrees S). The 
evidence from each of these areas is discussed next. 

The Puna de Jujuy is a high barren area (over 3500 m), with little or 
no rainfall, which extends from Bolivia through Jujuy Province and 
further south. Sites with snuffing implements in this area include 
Cusi Cusi, Casabindo (Ambrosetti 1906), Pucará de Rinconada (Bo- 
man 1908), San Juan Mayo (Bennett et al. 1948), and Santa Catalina 
(Lehmann-Nitsche 1902). These are all late pre-Hispanic sites, and 
some include evidence of Spanish contact. Casabindo and Pucará de 
Rinconada ceramics are in the Cuzco Polychrome style and are con- 
sidered to date from the period of Inca occupation (Bennett et al. 
1948). The site of Cusi Cusi, located high in the Puna near the Chile- 
Bolivia border, has yielded a snuffing kit and Anadenanthera seeds 
(Luis A. Lucas and Alicia Fernández Distel, personal communica- 
tion, 1998). Associated tunics and bags have embroidered borders 
similar in style and technique to textiles from San Pedro de Atacama 
which have radiocarbon dates of ca. 890 + 60 B.P. (ca. A.D. 1060; 
Beta-64389). This is the earliest available evidence for snuffing in the 
Puna de Jujuy. 

The Quebrada de Humahuaca is one of the best-known archaeo- 
logical regions in the Argentine northwest. Several sites in this area, 
including Pucará de Tilcara, Angosto Chico (Bennett et al. 1948), Los 
Amarillos (Marengo 1954), La Huerta (Lafón 1954), and Ciénaga 
Grande (Salas 1945), have yielded snuff trays that exhibit homoge- 
nous characteristics. All trays are ornamented by one, two, or three 
appendages carved in the round with anthropomorphic or zoomor- 
phic motifs. Low-relief carvings are restricted to the site of Calilegua 
located to the northeast of the city of Jujuy, on a tributary of the 
Bermejo River. Nothing is known about this site in terms of ceramic 
associations or other objects that presumably may have been found 
with the trays. Calilegua is not included in Bennett et al.’s (1948) 
study of the archaeology of northwestern Argentina, and the catalog 
of the National Museum of the American Indian does not provide any 
information related to grave lots from this site. It is probable that the 
provenience given in the museum catalog is erroneous. The Pucará de 
Tilcara and Ciénaga Grande were occupied during the Regional De- 
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velopment Period (ca. A.D. 900-1538) and were operational until after 
Spanish contact (Debenedetti 1930; Salas 1945). This is an interest- 
ing factor, as snuffing paraphernalia in northern’ Chile, as will be 
seen, is practically absent during Inca domination. 

The highest concentration of snuffing paraphernalia in northwest- 
ern Argentina occurs at the ruins of La Paya, situated at the conflu- 
ence of La Paya and Calchaquí rivers, in the Department of Cachi, 
Salta Province. Juan Ambrosetti conducted extensive excavations in 
the city of La Paya during 1906 and 1907 and unearthed a total of 24 
snuff trays and several snuffing tubes (Ambrosetti 1907-1908). These 
snuffing implements are of probable Calchaquí affiliation (ca. A.D. 
700-1000) and are certainly pre-Inca in origin (Bennett et al. 1948). 

The sites of Tolombón and Quilmes are located in the Yocavil Val- 
ley, to the south of La Paya (Ambrosetti 1899). The two sites are con- 
temporary, as indicated by the association of Santa María urns and La 
Paya polychrome ceramics characteristic of late Regional Integration 
Period sites in the area (after A.D. 800). Only one snuff tray is known 
from the site of Tolombón (Plate 23); however, it is of importance to 
this study because of its close similarities to snuff trays from the Mid- 
dle Loa region discussed later. A snuff tray from Quilmes was one of 
the first to be described in the archaeological literature (Ambrosetti 
1899). On this tray, which has an unusual variation of the “double” 
theme, a central feline figure supports a human personage, as op- 
posed to the common representation of feline above human. The 
flanking individuals, both facing frontward with hands clasped over 
their chests, are human beings surmounted by human heads. This rep- 
resentation is the only case in which the figures are both humans— 
again, not the usual alter ego representations of feline over human. 

The southern sector of northwestern Argentina marks the limits of 
the archaeological evidence for snuffing. Snuff trays have been found 
at Guandacol (Alanís 1947), in the province of La Rioja, and at 
Calingasta (Ambrosetti 1902) in the province of San Juan. Two addi- 
tional snuff trays were found at the sites of Tudcum and Angualasto 
in the Iglesia Valley, also in San Juan Province (Plate 24; Gambier 
2001). The snuff trays from this area mark the limit of the evidence 
for the nasal inhalation of visionary powders. Again, this coincides 
with the southern extreme of the distribution of A. colubrina var. 
Cebil (Hunziker 1973; Reis Altschul 1964). 


Archaeological Evidence for Anadenanthera Preparations 35 


To summarize, northwestern Argentina demonstrates the earliest 
evidence for psychoactive plant use in the central Andes; bone pipes 
from the site of Inca Cueva are approximately 4000 years old. In ad- 
dition, San Francisco-style ceramic pipes are among the oldest ce- 
ramic objects in the south central Andean area. The evidence clearly 
indicates Anadenanthera colubrina var. Cebil as the primary compo- 
nent of snuff powders and smoking preparations. The most frequent 
subjects depicted in snuff trays from northwestern Argentina are 
birds, human beings with probable feline characteristics such as a 
fanged mouth, the double or alter ego, and the decapitation theme. 
Snuff trays have been found at several sites showing evidence of Inca 
occupation, such as Ciénaga Grande, Casabindo, and Rinconada. Al- 
though the evidence is not clear as to whether the trays were associ- 
ated with the Inca material or not, it suggests the possibility of the use 
of snuff trays and tubes during this late period (after A.D. 1480). This 
situation contrasts with that of northern Chile, where snuffing para- 
phernalia was a rare occurrence during late pre-Hispanic times. 


Tiwanaku 


A distinct pictorial configuration begins to appear relatively early 
(ca. 300 B.C.) in the Lake Titicaca basin, and later (ca. A.D. 200) in 
southern Bolivia, San Pedro de Atacama, and the Arica archaeologi- 
cal zone. Its most complex and monumental manifestations occur at 
the site of Tiwanaku (ca. A.D. 100-900), located in the Bolivian high- 
lands, approximately 30 kilometers south of Lake Titicaca. Icons and 
motifs equivalent to those on Tiwanaku monumental stone sculpture 
are carved on 84 snuff trays and 23 tubes. Discussion of this iconog- 
raphy as expressed on the snuffing equipment is followed by an anal- 
ysis of its relationship with monolithic sculpture and architectural el- 
ements at the site of Tiwanaku. Monumental stone sculpture and 
public architecture represent established forms and conventions and 
form the basis upon which Tiwanaku art has been defined. Snuffing 
paraphernalia is present in practically every archaeological site in 
which this iconography is known; because of its portability, it could 
be proposed that the snuffing equipment was partially responsible for 
the distribution of this iconographic system. In localities such as San 
Pedro de Atacama and Nifio Korin, the snuffing equipment was 
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carved with the most complex and varied manifestations of Tiwanaku 
iconography. 

A thermoluminescence date of ca. A.D. 190 x 140 (UCTL-224) ob- 
tained from tomb 4229-30, Toconao Oriente, San Pedro de Atacama, 
northern Chile, represents the earliest date associated with snuffing 
implements bearing Tiwanaku icons (Plate 25). This date is consis- 
tent with the funerary context, which includes three San Pedro Rojo 
Pulido ceramic vessels. This pottery type is diagnostic of Phase II (ca. 
300 B.C.-A.D. 100; Berenguer et al. 1986, 1988) of the San Pedro de 
Atacama cultural development. A snuff tray with a camelid represen- 
tation from the site of Solcor 3, tomb 5, San Pedro de Atacama, dated 
by thermoluminescence to ca. 920 x 120 (UCTL-48; Phase V, Beren- 
guer et al. 1986), has the latest date associated with Tiwanaku snuff- 
ing paraphernalia (Plate 26). 

Tiwanaku snuff trays are generally manufactured out of wood. 
However, due to low preservation of organic materials at the site of 
Tiwanaku, nine of the extant ten snuff trays from this site are of stone 
and one of bone. Most have a convex longitudinal profile and consist 
of two clearly defined sections: a rectangular cavity area and a flaring 
panel-like sector. The cavity area usually carries no decoration, while 
the flaring panel supports complex and proliferous carvings. Most 
Tiwanaku snuffing tubes are wooden perforated cylinders (Plate 27). 
Notable exceptions are the Y-shaped tubes excavated by Alfred Kid- 
der in Pukara (Chávez and Torres 1986) and a bifurcated camelid 
bone snuffer found on the surface at the site of Tiwanaku (Uhle 
1898). 

Snuff trays with probable southern Lake Titicaca basin provenance 
include two in the collection of the Roemer Museum, Hildesheim 
(Boetzkes et al. 1986; Uhle 1912). The Museo Etnográfico, Buenos 
Aires, owns one stone tablet purchased by the Argentine archaeolo- 
gist Salvador Debenedetti in La Paz in 1910 (Posnansky 1957; Was- 
sén 19672). There are two fragments (Plate 28b) and a complete tray 
(Plate 28a) in the University Museum, Philadelphia. A seventh tray 
was in a private collection in Oruro at the time Uhle published his 
study in 1912; its present location is unknown. In 1894, two addi- 
tional stone snuff trays from Tiwanaku belonged to Dr. Ernesto 
Mazzei, whom Uhle had met in La Paz (Uhle 1912). Dr. Mazzei was a 
Florentine scholar who traveled in South America during the late 
1800s collecting pre-Columbian and ethnographic artifacts for the 
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National Museum of Anthropology and Ethnology of Florence (Ciruzzi 
1992). The present whereabouts of these two snuff trays are not 
known; they are not currently in the collection of the Florence mu- 
seum. A bone snuff tray was excavated at the site of Tiwanaku and is 
presently in the collection of the Tiwanaku site museum. It can be in- 
ferred from the presence of nine stone snuff trays that wooden equiv- 
alents were most likely used in Tiwanaku; climatic conditions in this 
area, as previously mentioned, are not conducive to the preservation 
of wood. This is also suggested by the fact that all snuff trays with 
Tiwanaku iconography in San Pedro de Atacama, Niño Korin, and 
elsewhere are made out of wood. 

Other trays in the Tiwanaku style have been found near the town of 
Niño Korin in northeastern Bolivia (Oblitas Poblete 1963; Wassén 
1972b; Wassén 1973). The site itself, known as Caliicho (or Qalli- 
ichu), is located to the east of Lake Titicaca on the eastern slopes of 
the Cordillera Oriental of the Andes, at an altitude of 3500 m (Wassén 
1972b). Five wooden snuff trays (Plate 29), bamboo tubes and con- 
tainers, enema syringes, several spoons and spatulas, baskets, and fur 
and skin pouches were found in a multiple grave. The objects found at 
this site have been studied by S. Henry Wassén and are now part of 
the collection of the Gothenburg Ethnographical Museum, Sweden. 
The find was made in June 1970 (Wassén 1972b), but apparently not 
as the result of controlled excavations. Wassén (1972b) had obtained 
three radiocarbon dates from this site: A.D. 355 + 200, A.D. 375 + 100, 
and A.D. 1120 + 100. 

A snuffing kit was found in a rock shelter near the locality of 
Amaguaya, Depto. de La Paz, in the western range of the Andes 
(Rendón 1999). The kit included a large wooden snuff tray inside a 
tight-fitting leather sheath (Plate 30), a bone spoon with a bird carved 
on its handle, and a pouch made of animal fur. The tray is carved with 
a profile upward-looking genuflecting figure, and it is decorated with 
gold and spondylus shell inlays. Other snuff trays bearing Tiwanaku 
iconography have been reported from Ilo (Alcalde Gonzáles 1995), 
and from the site of La Real, Valle de Majes, in southern Peru (García 
and Bustamante 1990). 

The San Pedro de Atacama archaeological zone is the area with the 
largest sample of Tiwanaku snuffing implements and represents the 
southernmost manifestations of this type of iconography. Because of 
poor preservation of organic materials at the site of Tiwanaku, San 
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Pedro de Atacama offers the most complete and best-preserved ex- 
amples of Tiwanaku wooden objects, woolen textiles, and engraved 
bones. These include three mantles, five tunics, several bags with em- 
broidered borders, one headband, two wristlets, six ceramic vessels 
(e.g., Llagostera and Costa 1984), and ten engraved bones (Le Paige 
1965). Snuffing implements represent the largest category of Tiwan- 
aku objects in San Pedro de Atacama (Plates 27, 31, 32). Tiwanaku 
designs are carved on 63 snuff trays and 22 snuffing tubes, and repre- 
sent approximately 10 percent of the local snuffing equipment. In ad- 
dition, many of the objects decorated with Tiwanaku elements found 
in San Pedro de Atacama are associated with the snuffing equipment 
(i.e., textile bands and bags). In San Pedro de Atacama, sectors of 
some archaeological sites (e.g., Solcor 3, Coyo Oriente, Quitor 6) 
have yielded Tiwanaku objects. However, no complete Tiwanaku 
burials are known from the area, only graves with occasional Tiwan- 
aku artifacts. Snuffing equipment from San Pedro de Atacama that 
does not exhibit Tiwanaku characteristics is discussed in the next 
section. 

The apparent homogeneity of the so-called Tiwanaku style masks 
asystem of extreme variability. A detailed study of Tiwanaku iconog- 
raphy on snuff trays and tubes reveals significant differences in repre- 
sentational conventions and thematic emphasis, as well as variables 
in the interrelation of individual motifs. Most of the themes repre- 
sented on the snuff trays consist of principal figures with no subsid- 
iary attendants. Tiwanaku iconography, as represented on the snuff- 
ing paraphernalia, can be categorized into several themes: 


1. Frontal figure (Plate 33a): consists of a frontal anthropomorphic 
figure with outstretched arms holding staffs. Notable differ- 
ences include the presence or absence of cephalic projections 
and staff composition. 

. Disembodied rayed head over a stepped platform (Plate 33b). 

. Profile, genuflecting, staff-bearing figures (Plate 33c): This is 
the most frequently represented theme. Several distinct person- 
ages can be identified, but they all share the genuflecting stance 
(except one from Niíio Korin), the upward-looking crowned 
head, the presence of an object protruding from the mouth, and a 
staff held in the right hand. The types of being represented differ 
in the cephalic configuration and in the nature of the objects 
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held. This type of profile figure could be the oldest Tiwanaku 
iconographic theme in the San Pedro de Atacama area, since on 
two occasions it is associated with Roja Pulida ceramics (ca. 
300 B.C.-A.D. 100). 

4. Condors (Plate 33d): This avian representation can be identified 
as a condor by the crest, hooked beak, and distinctive collar. One 
of the condor representations is similar to the profile genuflect- 
ing figures previously discussed. On this tray, a profile upward- 
looking condor with an object protruding from its mouth is 
carved in low relief over a stepped platform. Other snuff trays 
have profile condor representations, but they do not have the 
heads turned upward nor an object emanating from the mouth. 

5. Anthropomorphized camelid representations (Plate 33e): These 
trays share the depiction of a two-legged profile personage with 
a bundle on its back and a noose around its neck. The figure 
stands over a stepped platform flanked by either avian or feline 
heads. The being represented is apparently a human wearing a 
costume with animal characteristics. This is suggested by the 
textile-like nature of the designs covering the body and the band 
that flows down its back. This band is similar to a Pucara textile 
sash illustrated by William Conklin (1983) in a study of Pucara 
and Tiwanaku tapestry. The zoomorphic traits present seem to 
be those of a camelid, as indicated by hooflike feet, slightly un- 
dulating mouth, bulging forehead, and prominent ears and teeth. 

6. Miscellaneous representations (Plate 33f): The five themes enu- 
merated in this list are frequently represented wherever this type 
of iconography is found. However, there are also several snuff 
trays that represent unique or infrequent iconographic themes. 
These include four snuff trays, each depicting a human wearing 
a headdress with tassels descending on both sides of the face, 
three showing a reclining figure with raised knees and torso, an- 
other with a condor devouring a human head, and another with 
two rampant felines. 


These iconographic themes are articulated through a series of indi- 
vidual signs that form the raw material for the thematic formulation 
(Plate 34). These individual signs do not seem to be hierarchical in 
nature, each sign interacting and combining with another, constantly 
changing places and serving in turn primary and auxiliary functions. 
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Three formal tendencies can be identified: one with predominantly 
geometric characteristics (Plate 34a), and the other two predomi- 
nantly biomorphic (Plate 34b, c). The basic organizational device for 
the individual signs is the body, human or animal. The functions 
served by these basic or primary signs seem to be determined by their 
design, association, and location within the body. Some signs serve as 
terminators, such as the undulating tripartite element. Others usually 
occupy interior positions in the cluster (e.g., zigzag within rectangle 
as body of staff), and others seem to function as connectors of the dif- 
ferent component elements (rectangular elements in headdress, head/ 
neck connectors). These motifs cluster (Plate 35) to form elements of 
the body, or expansions (e.g., winged eyes, wings, tails) or attach- 
ments (e.g., headdresses, staffs, elbow pendants). 

These clusters in turn construct the basic thematic formulations 
previously enumerated, thus allowing the creation of numerous struc- 
tural changes in every theme. These changes become evident when 
variations of the same theme are compared, such as the frontal figure 
holding staffs engraved in a wooden snuff tray from San Pedro de 
Atacama, the central personage carved in low relief in a monumental 
gateway at the site of Tiwanaku, and the figure incised on the back of 
the Bennett monolith (Plate 36). The three personages share the fron- 
tal pose with outstretched arms carrying scepters and tunics deco- 
rated with a row of heads in the lower border. Apart from this basic 
thematic formulation, these three frontal personages greatly differ. 
The lithic representations both have a rayed head, whereas the one 
from San Pedro de Atacama (Plate 36 upper left) exhibits instead an 
elaborate headdress. The scepters held by the figures differ in shape 
and also in component signs. The configuration of eyes, tunics, and 
elbow pendants demonstrate a great variability. These variations sug- 
gest that the individual signs derive meaning from affiliation with 
other signs, from the position within the anatomy, and from the theme 
being expressed; the sign itself is modified by the thematic change. 

The themes constructed by these signs, however, have clear hierar- 
chical connotations (Plates 33a-f). The arrangement of these themes 
within the body of the monolithic stone sculpture suggests a hierar- 
chical structure and also further demonstrates the idea of the body as 
the basic organizational device. In the Bennett and Ponce monoliths 
(Plates 37, 38), two of the more iconographically complex sculptures 
at the site of Tiwanaku, the individual thematic units are placed 
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within the anatomy in central and subsidiary positions. The spatial re- 
lationship between the two rayed disembodied heads and the staff- 
bearing figure depicted at the base of the spinal column of the Bennett 
monolith (Plate 37b) invest the dorsal area of this sculpture with a 
certain degree of frontality. Winged profile personages and packed 
camelids converge on the pendants on the chest and abdomen of the 
stone figure. Thematic clusters envelop the monolith, articulated by 
its anatomy, acquiring an affinity with our notion of text. 

Several layers of meaningful activity can be tentatively proposed: 


1. Individual component signs (Plate 34) 

2. Clusters of signs within the composition (e.g., stepped plat- 
forms with lateral projections, headdresses, staffs; Plate 35) 

3. Individual themes (e.g., staff-bearing frontal figures, profile 
genuflecting individuals, anthropomorphized packed camelids; 
Plates 33a-f) 

4. Thematic configurations—pictorial compositions that combine 
the different thematic units and comprise the most complex ex- 
pression of the iconography (Plates 37, 38) 


Thematic configurations are mostly restricted to monumental stone 
sculpture and architectural decoration. In most cases, the snuff trays, 
textiles, ceramics, and engraved bones represent only individual 
themes. In this manner, numerous variations in style as well as ico- 
nography can be identified at the different sites in which the so-called 
Tiwanaku style is found. 

The snuffing paraphernalia shares most of its basic components 
with the monolithic sculpture at Tiwanaku. The themes represented 
on the snuff trays, including frontal personages, disembodied rayed 
heads, profile staff-bearing figures, and packed camelids, are repre- 
sented on the Bennett and Ponce monoliths (Plates 37, 38), and on 
monumental gateways and lintels. The relationship between Tiwa- 
naku iconography and the use of Anadenanthera-based visionary po- 
tions and inhalants is also apparent in other aspects of the megalithic 
sculpture. Several of these depict human beings holding two objects 
against the abdomen. Most researchers agree that one of the objects is 
a kero, a vessel with divergent sides of widespread use in the Andes 
(Berenguer 1987). The identification of the second object has re- 
mained elusive. Berenguer (1987, 2001) tentatively identified it as a 
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snuff tray, partially basing his argument on stylistic and iconographic 
comparisons. In addition, the pectoral carved on the Bennett mono- 
lith is suggestive of an anthropomorphized vilca-tree (Plate 39a). 
Knobloch (2000), in her work on power and ritual in Conchopata, has 
identified an icon suggestive of the leaves, pods, and seeds of Ana- 
denanthera. This is an icon occasionally represented on the snuff 
trays from San Pedro de Atacama (see Plate 34b). Its presence as part 
of the chest pendant on the Bennett monolith is notable because of its 
central position and proximity to the proposed kero and snuff tray 
(Knobloch 2000). If Knobloch's identification of the Anadenanthera 
signifier is correct, it can be proposed that the pendant describes an 
anthropomorphized vilca tree. Its association with a kero and a snuff 
tray might indicate the drinking of a potion, as well as nasal inhala- 
tion of formulations including Anadenanthera seeds. A variable of 
this anthropomorphized vilca tree is incised on the arms of the Ponce 
monolith (Plate 39b). 

In addition, the right hand of the Bennett and Ponce monoliths is 
depicted in the gesture usually referred to as half-fist. This term de- 
notes a hand position with the thumb erect on the side and the four 
fingers bent so that the nails are still visible (see Sharon and Donnan 
1974). A frontal personage with both hands performing the same ges- 
. ture is seen on a snuff tray from San Pedro de Atacama (see Plate 33f 
bottom left). A snuff tray from Niño Korin and another from San 
Pedro de Atacama are carved in this shape (Plate 40). Both trays were 
directly associated with Tiwanaku artifacts (Wassén 1972b). This 
prominent display of visionary imagery on public monumental sculp- 
ture and architecture suggests an active role for visionary prepara- 
tions derived from Anadenanthera in the development of Tiwanaku 
ideology. 

Evidence for the use of Anadenanthera-based visionary prepara- 
tions by the Tiwanaku is supported by other factors in addition to 
snuffing implements and iconographic evidence. The seeds of A. 
colubrina var. Cebil were readily available since its habitat includes 
the Tiwanaku sphere of influence (Reis Altschul 1964). Detection of 
bufotenine in snuff powder samples from San Pedro de Atacama (see 
next section) indicates A. colubrina as its botanical source. The burial 
where the snuff powders were found was part of a distinct group of 
three graves within the Solcor 3 cemetery, which included the follow- 
ing artifacts carved with Tiwanaku motifs: a snuff tray, a snuffing 
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tube (Plates 6, 7), a carved bone, and a bag with an embroidered bor- 
der. Other burials in the same cemetery included small leather pouches 
containing Anadenanthera seeds (Llagostera et al. 1988). 

Because of its complexity, diversity, and variability throughout a 
wide geographical and temporal sphere of influence, it can be pro- 
posed that the formation, evolution, and dispersion of the Tiwanaku 
pictorial configuration were not centrally controlled activities. Out- 
side the Tiwanaku core area, this iconographic system is discreet and 
coexists with local artifacts and other foreign objects. As mentioned 
previously, no predominantly Tiwanaku burials are known from San 
Pedro de Atacama, only graves with occasional Tiwanaku artifacts. A 
brief comparison of Wari and Tiwanaku will emphasize the inde- 
pendence of this iconographic system from specific and exclusive po- 
litical entities. Notwithstanding marked differences, it is evident that 
both of these contemporaneous societies shared basic iconographic 
elements (Torres and Conklin 1995). In Tiwanaku it is expressed on 
monumental sculpture and architecture, while no such monuments - 
are known at Wari. Textiles identified as Wari are superficially simi- 
lar to those from Tiwanaku, differing in technique and in emphasis on 
specific themes and component signs. Tiwanaku architecture with its 
gateways and carved lintels has no equivalent in Wari constructions. 
Tiwanaku iconography is closely linked to snuffing paraphernalia 
(Berenguer 1987; Uhle 1898, 1912), while that of Wari suggests in- 
stead psychoactive potions (Knobloch 2000). 

This differentiation is accentuated when peripheral areas such as 
Arica and San Pedro de Atacama are compared. Arica has extensive 
textile evidence in the form of woolen tunics and four-pointed hats, a 
typical Tiwanaku headdress. However, in San Pedro de Atacama 
four-pointed hats are not present. In San Pedro de Atacama there are 
numerous Tiwanaku snuff trays and tubes; in Arica, an area with ex- 
cellent preservation of organic materials, there is no evidence of 
Tiwanaku iconography on snuffing utensils (Chacama 2001). 

The wide temporal and geographic distribution of this iconogra- 
phy, in addition to regional shifts in thematic emphasis and media, 
prompt an inquiry into its development and dispersion. Was it moti- 
vated by social, religious, or political interaction, through conquest, 
or through mercantile exchange? The diversity of media, form, and 
type of expression seems to contradict all of these models for expan- 
sion. The manner in which this iconography is shared by such diverse 
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cultures, over such a long span of time, suggests mechanisms of inter- 
action not necessarily dependent upon a central administrative site. 
All these variables indicate that there is not necessarily a direct and 
uniform correspondence between iconographic representation and 
significance in every geographic and temporal locality. 

It can be postulated that San Pedro de Atacama, Niño Korin, and 
Arica, among others, were part of numerous south central Andean 
communities that contributed responsively, in accordance with re- 
sources and location within patterns of ideological exchange, to the 
formation and development of the iconographic system. The impor- 
tance of the body, of the various gestures and poses that define the dif- 
ferent thematic units, and of the signs that articulate these ideologies, 
indicate a transmission of information dependent on performative ac- 
tivities. Direct and early association of snuffing paraphernalia with 
Tiwanaku iconography indicates that ecstatic experiences provoked 
by visionary inhalants and potions contributed significantly to the 
formation and development of Tiwanaku style and iconography. 


San Pedro de Atacama 


The archaeological region of San Pedro de Atacama is located in 
the Atacama Desert of northern Chile at an altitude of 2450 m above 
sea level. San Pedro de Atacama is composed of settlements within 
oases clustered together at the end of the San Pedro River. The associ- 
ated pre-Hispanic cemeteries and habitation sites are referred to by 
the present names of the settlements near which they are located (e.g., 
Coyo Oriente, Quitor 5, Quitor 6, Sequitor Alambrado Oriental, Sol- 
cor 3). 

One of the unique aspects of the San Pedro artifactual assemblage 
is the frequent presence of snuffing implements (Le Paige 1964, 
1965; Núñez 1963; Llagostera et al. 1988; Torres 19872). A total of 
614 snuffing kits have been found in 42 of the approximately 50 sites 
excavated in the area. Investigations conducted by Ana María Baron 
(1984) and María Antonietta Costa (Llagostera et al. 1988) have de- 
termined that the snuffing kits are generally found with adult male re- 
mains. The size, chronology, and gender bias of the sample indicates 
that approximately 20 to 22 percent of the adult male population was 
using psychoactive snuffs ca. A.D. 200-900. All of the snuff trays and 


Archaeological Evidence for Anadenanthera Preparations 45 


tubes have been found in funerary contexts and demonstrate a wide 
range of stylistic and iconographic diversity. 

The cultural development of this area has been divided into eight 
phases, San Pedro I-VIII, based on a seriation of ceramic types 
(Berenguer et al. 1986; Tarragó 1968). The ceramic type known as 
San Pedro Roja Pulida is diagnostic of Phase II (ca. 300 B.C.-A.D. 
100; Berenguer et al. 1986). Only seven snuff trays are associated 
with this early pottery type. The majority of the snuffing implements 
are associated with the pottery types known as San Pedro Negra 
Pulida and San Pedro Negra Casi Pulida. These ceramic types define 
Phase III (ca. A.D. 100-400) and IV (ca. A.D. 400-700) respectively. 
The practice of snuffing seems to diminish considerably during the 
early stages of Phase VII (ca. A.D. 1000-1470), since only three snuff 
trays are associated with San Pedro Roja Violácea, the pottery diag- 
nostic of this phase. The latest radiocarbon measurement associated 
with snuffing paraphernalia is a date of ca. A.D. 1050 + 80 obtained 
from tomb 3236, Quitor 9, in a context that included a Bolivian high- 
land ceramic type known as Huruquilla (Núñez 1976). During Phase 
VII (ca. A.D. 1470-1530), which is characterized by Inca presence, 
snuffing paraphernalia is completely absent from the archaeological 
record. 

The gradual disappearance of snuff trays and tubes from the San 
Pedro de Atacama archaeological record ca. A.D. 1100 suggests that 
the practice of snuffing itself might have diminished. At the site of 
Quitor 6 in its middle phase (ca. A.D. 400-800), approximately one 
out of every three individuals had snuffing paraphernalia in the burial 
(123 snuff trays). Excavations conducted by María Antonietta Costa 
(1988) in the later phases of this cemetery (after A.D. 1200) produced 
only one snuff tray and one tube. The presence of foreign objects also 
notably lessened during the later phases. This gradual disappearance 
coincides with the appearance of similar snuffing kits in northwestern 
Argentina, where these continued to be used well into late pre- 
Columbian times, and in some sites such as Casabindo, probably into 
the early colonial period. 

All the snuffing tubes from San Pedro de Atacama are single perfo- 
rated cylinders (Plate 41). So far no Y-shaped or double snuffing 
tubes, such as those from the Amazon or the Greater Antilles, have 
been found. The collection of the San Pedro de Atacama archaeologi- 
cal museum includes approximately 140 snuffing tubes. Structurally, 
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a tube consists of two clearly defined sections, the nosepiece and the 
shaft; a third section is sometimes delineated in the distal end of the 
tube. The snuffing tubes are generally manufactured out of wood, 
sometimes from bird bone, and very rarely out of a fragile local reed 
or cane. Those of wood are generally carved in one piece, although on 
some occasions they have separate nosepieces made out of wood, 
bone, or stone. The bone snuffing tubes always consist of two sepa- 
rate pieces: the nosepiece and the shaft. The nosepiece attached to a 
bird-bone shaft was carved from a separate piece of the same mate- 
rial, or sometimes out of wood or stone. 

The majority of the snuff trays and tubes from San Pedro de 
Atacama are carved with local and Pan-Andean motifs and do not ex- 
hibit Tiwanaku characteristics. Most of these are ornamented with re- 
gional variations of widely distributed themes, such as Heraldic 
Woman, and alter ego representations (Plates 42, 43). Frequently, 
motifs of a more local or regional nature, such as human figures with 
cylindrical headdress and ear pendants, are depicted on the trays. It is 
difficult to determine any foreign affiliations to this group of imple- 
ments. 

Animal and human characteristics are often associated in alter ego 
representations (Plate 43). In most representations of this type, a hu- 
man figure is surmounted by a feline. This configuration of motifs, in 
an ethnographical context, likely refers to the shaman's ability to ac- 
quire zoomorphic characteristics, most often while under the influ- 
ence of psychoactive plants. This is a frequent theme in snuffing para- 
phernalia, which is common in Amazonia and in trays and tubes from 
northwestern Argentina. In northern Chile, alter ego representations 
are seen in tubes from archaeological sites located in the Middle Loa 
region, including Calama, Chiu-Chiu, and Toconce. This theme is 
also present in other pre-Hispanic objects throughout the Andes, most 
notably in the sculpture of San Agustín, Colombia (Preuss 1974). 

Zoomorphic representations are relatively frequent and include 
birds, camelids, and felines (Plate 44). Snuffing paraphernalia with 
this type of ornamentation is present in other areas, most notably in 
the middle Loa River valley and in northwestern Argentina. On the 
snuffing tubes, felines or birds are usually carved in the round on the 
midpoint of the shaft (see Plate 41c, d). In addition to the snuff trays 
and tubes, small spoons or spatulas that form part of snuffing kits 
have avian representations carved on the handles. The association of 
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birds with snuffing equipment is also evident in the innumerable 
tubes made of bird bone. These tubes have been found together with 
the earliest known trays, as evidenced by the material excavated at 
Huaca Prieta, Peru, by Junius Bird (1948). 

Camelid representations include zoomorphic depictions and anthro- 
pozoomorphic beings holding an axe and a trophy head (Torres 
1987b). It could be argued that feline characteristics are depicted on 
these artifacts. Nevertheless, if these personages are compared with 
other feline representations from San Pedro de Atacama, several dif- 
ferences become apparent. The snouts of the felines are not as promi- 
nent, nor the ears as large and pointed as they are on the personages 
on the snuff trays and tubes under consideration. When these images 
are compared to those of camelids, it can be seen that the snout, the 
nose, and the slightly curved and pointed ears are closer to those of a 
llama than to a feline. This long-snouted Sacrificer, as well as the al- 
ter ego, persist late into the sequence (ca. A.D. 900-1100) and are 
among the few thematic units shared by the snuffing paraphernalia 
from San Pedro de Atacama, the Loa River valley, and northwestern 
Argentina. The distal end of the snuffing tubes is occasionally carved 
with a representation of an open-mouthed animal head. This zoomor- 
phic representation could be identified tentatively as a camelid be- 
cause of the pointed ears, slightly undulating mouth, and prominent 
nose. The head is represented as if it were strapped to the end of the 
tube. This is clearly seen in the way that the ears are depicted as if 
they were tied to the tube's end; when a camelid head is not present 
the end is undecorated. Camelids are also of great importance in the 
rupestrian art of northern Chile (Mostny and Niemeyer 1983). 

Smoking was not as important in San Pedro de Atacama as in 
northwestern Argentina. Approximately 60 ceramic smoking pipes 
(over 50 percent are fragments) are in the collection of the archaeo- 
logical museum in San Pedro de Atacama. These pipes have all been 
found in an early context (before A.D. 400). Most are angular pipes 
with a high bowl and two-legged supports (Plate 45). The smoking 
material has not yet been determined. Analysis of several samples has 
yielded negative results for alkaloids. Only five pipes are known to 
have been associated directly with snuffing equipment. Evidence 
from neighboring areas in northwestern Argentina suggests the smok- 
ing of Anadenanthera seeds. There is a strong probability that several 
of the pipes found in San Pedro de Atacama originated in northwest- 
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ern Argentina. The pipes with biomorphic decoration have many fea- 
tures in common with pipes of the San Francisco complex (ca. 650 
B.C.-A.D. 300) and other formative ceramic styles-of the Argentine 
northwest (Pérez Gollán and Gordillo 1994; see also Westfall 1993- 
1994). According to Tarragó (1980), the majority of the San Pedro de 
Atacama pipes demonstrate notable similarities with those found at 
Campo Colorado (ca. 100 B.C.-A.D. 100), in the Calchaquí Valley, Ar- 
gentina. Campo Colorado is contemporary with Phases II/III of the 
ceramic sequence proposed for San Pedro de Atacama by Berenguer 
et al. (1986). In San Pedro de Atacama, pipes gradually disappeared 
during Phase III (ca. A.D. 100-400) as snuff trays became more com- 
mon (after A.D. 200). This contrasts with northwestern Argentina, 
where smoking remained the preferred modality for consumption of 
psychoactive plants. 

One notable feature of the San Pedro culture is the relative abun- 
dance of artifacts from diverse areas in the south central Andes. The 
presence in this area of numerous exotic artifacts must be taken into 
account for an understanding of the importance of San Pedro in pro- 
cesses of cultural interaction. In this work, an object is considered to 
be of foreign provenience if it has a direct equivalent in other areas. In 
San Pedro de Atacama, these foreign objects coexist with each other 
and with local artifacts. 

The most cohesive category of foreign objects in San Pedro de 
Atacama, as previously discussed, is those decorated with Tiwanaku 
designs. Objects from northwestern Argentina, although not as uni- 
fied in provenience as those from Tiwanaku, are relatively frequent. 
Some are of probable La Aguada provenience. These include wooden 
carvings (Berenguer 1984; González 1964; Llagostera 1995), and a 
well-preserved tie-dyed tunic found at the site of Quitor 2 (Llagostera 
1995). Llagostera (1995) attributed 17 baskets with polychrome 
woolen thread decoration found in San Pedro to the Aguada culture. 
On two occasions, Le Paige (1964, 1974) mentioned the presence of 
fragments of Aguada ceramics in San Pedro de Atacama. Radiocar- 
bon dates associated with the Aguada culture in northwestern Argen- 
tina range from A.D. 650 to 900. In this context, it should be noted that 
snuffing utensils have not been found in Aguada archaeological sites 
in northwestern Argentina, and ceramic pipes are not common there. 

The lower levels of occupation of Tulor village yielded fragments 
of San Francisco Negro Grabado pottery, an early ceramic type from 
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the Argentine northwest (ca. 650 B.C.-A.D. 300). Surface collections 
in the southernmost sectors of San Pedro de Atacama have yielded 
additional San Francisco fragments (Agustín Llagostera and Fran- 
cisco Téllez, personal communication, 1995). Several ceramic smok- 
ing pipes of evident San Francisco affiliation have been found in the 
area (see MChAP 1994; Pérez Gollán and Gordillo 1994). Condor- 
huasi ceramics (ca. 200 B.C.-A.D. 600) are present at the sites of Tulor 
Algarrobo and Tchaputchayna (Le Paige 1974; Llagostera and Costa 
1984). Isla Polychrome ceramics (ca. A.D. 600-1050) have been exca- 
vated at the sites of Quitor 5 and Quitor 6 in association with a local 
ceramic type, San Pedro Negra Pulida (Pérez 1978; Tarragó 1977). 
Snail shells were frequently used as containers (MChAP 1984). 
These snails, Strophocheilus intertextus (Parkinson et al. 1987), are 
abundant in the cebil forests in the eastern sector of Salta Province. 

Marked differences distinguish the objects of local manufacture 
from the intrusive artifacts. For example, the local ceramics are 
monochromatic, black, gray, or red, while those attributed foreign 
provenience have polychrome decorations. Local tunics and other 
textiles are characteristically warp faced and warp patterned, utilize 
the natural colors of camelid yarns or at times black or red dyes, and 
only to a limited extent other colors. These local textiles contain no 
representational imagery, although they sometimes have striping and 
repetitive warp patterning. The foreign textiles differ from their local 
equivalents in use of decorations and multicolored yarns. The Aguada 
tunic, a bag with Peruvian south coast designs, and the Tiwanaku tex- 
tiles are technically different from anything found locally. The local 
and foreign snuff trays also exhibit notable differences in style, ico- 
nography, and execution. Tiwanaku snuff trays are generally carved 
in low relief or with linear incisions and describe quite complex im- 
ages. Snuff trays decorated with local or Pan-Andean themes are 
carved in the round, and only rarely have low-relief decoration on flat 
panels. Notable exceptions to this are snuff trays with flat panels and 
geometric motifs, and those with the Heraldic Woman theme (Plate 
42a; Torres 19872). 

Chemical analyses of two samples of archaeological snuff pow- 
ders from the site of Solcor 3 (Plates 46-48), dated ca. A.D. 780, have 
detected the presence of 5-hydroxydimethyltryptamine (bufotenine), 
dimethyltryptamine (DMT), and 5-methoxy-DMT (Torres et al. 1991). 
The finding of bufotenine in these samples suggests that the plant 
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source of this material was a species of the genus Anadenanthera. 
Small pouches containing Anadenanthera seeds have been found in 
several burials in Solcor 3. This is the only genus implicated in the 
snuffing complex that contains bufotenine, although it has been 
found in purported Virola snuffs-from the upper Orinoco (Holmstedt 
and Lindgren 1967a). The species of Anadenanthera with a south 
central Andean habitat is A. colubrina var. Cebil, present in north- 
western Argentina in western Salta, Jujuy, and Tucumán provinces. 
This tree is not present today in the San Pedro de Atacama area, or in 
other areas of northern Chile. If this leguminous tree, with its profuse 
seed production, once existed in ancient San Pedro de Atacama, it is 
probable that it could still be found in the area today. So far, this has 
not been the case. 

A tree superficially similar to A. colubrina and referred to locally 
as vilca is found in San Pedro de Atacama and throughout northern 
Chile. Chemical analyses of the seeds of this tree, probably Acacia 
visco Lorentz ex Griseb. (see Santos Biloni 1990), have yielded nega- 
tive results for the presence of tryptamines or any other known psy- 
choactive alkaloids. This confusion has probably arisen from the fact 
that foliage and flowers of the different genera that compose the 
Mimosoideae are so similar. The pods of A. colubrina have a woody, 
reticulated texture, and are considerably larger than the parchment- 
like pods of Acacia visco, the so-called vilca from northern Chile. 
The most obvious distinguishing trait is that the pod of A. visco opens 
along both sutures, while that of A. colubrina opens only along one 
suture. 

The presence in San Pedro de Atacama of such a wide variety of 
foreign objects, some of a relatively early date, suggests the possibil- 
ity of a vast network of interaction in the south central Andes dating 
from the early stages of the Formative phase. Many of the exotic ob- 
jects are carved with iconographic themes, such as the alter ego and 
Sacrificer, which are of Pan-Andean distribution. Given the high inci- 
dence of snuffing paraphernalia in San Pedro de Atacama, the trade in 
cebil seeds with northwestern Argentina must have been of consider- 
able importance (see also Núñez 1994). The importance of Tiwanaku 
iconography and of snuffing in San Pedro de Atacama, together with 
its insignificance in northwestern Argentina, suggest that exchange 
of complex ideological traits did not necessarily follow established 
trade patterns. 
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The Middle Loa River Basin 


Seventy kilometers north of San Pedro de Atacama, several sites 
are found with a high incidence of snuffing implements. These sites 
are located on tributaries of the Loa River in its middle course. Ap- 
proximately 188 snuff trays have been unearthed in the settlements of 
Caspana, Chiu-Chiu, Toconce, Lasana, and Chunchurí (Dupont), among 
others. The majority of the snuff trays from this area have a rectangu- 
lar cavity with one, two, or three figures carved in the round. Trays 
with Tiwanaku iconography are virtually absent, suggesting a post- 
Tiwanaku date for the snuffing paraphernalia from this area (after 
A.D. 900). Stylistic and iconographic features suggest a connection 
with similar developments in northwestern Argentina. 

Caspana, located about 100 kilometers to the north of San Pedro de 
Atacama, has the highest rate of snuffing implements in the region, a 
total of 78 snuff trays (Allende 1981; Baron 1979; Le Paige 1959). 
Trays carved with three figures projecting from one of the narrow 
sides are frequent in Caspana (Plate 49). These typically depict two 
seated profile individuals flanking a third frontward-facing figure seated 
in the same manner. The lateral beings exhibit prominent snouts and 
fangs and are apparently human beings wearing masks. Chiu-Chiu, 
located at the confluence of the Loa and Salado Rivers, is second in 
frequency of snuff trays in the area of the middle Loa River. Approxi- 
mately 32 trays have been found at this site, but in most cases ceramic 
and cultural associations are not known. Eighteen trays have been re- 
ported from Toconce, 50 kilometers to the east of Chiu-Chiu; two of 
these are ornamented with representations of a human being playing 
a panpipe. In northern Chile, this motif is seen in a tray from Caspana 
and another found by Spahni (1967) at the mouth of the Loa River. 
The alter ego is also represented on several tubes from Toconce. At 
the site of Chunchurí (also known as Dupont), Max Uhle (1913) ex- 
cavated 30 trays. At this site, Lautaro Núñez (1964) found a snuffing 
tube carved with a representation of an individual holding an axe and 
atrophy head. Núñez (1976) obtained a radiocarbon date of A.D. 1390 
from this site. Other sites in the middle Loa area and from which 
snuff trays and tubes have been reported are Lasana, Paniri, and Turi, 
but the salient information is paltry. 

The snuffing paraphernalia at these sites seems to postdate that 
from San Pedro de Atacama, and rather to be contemporary with that 
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of northwestern Argentina. Work by Carlos Aldunate and colleagues 
(1986) suggested a relatively late date for these developments in the 
Loa region (after A.D. 900). Structural and iconographic similarities 
between the snuff trays and tubes from the middle Loa and north- 
western Argentina indicate some degree of interaction between these 
two areas (cf. Plates 23 and 49). The evidence points to a shift, ca. 
A.D. 900-1000, from San Pedro de Atacama to the Loa region, in the 
interaction between northwestern Argentina and the neighboring 
western slopes of the Andes. The iconography of the snuff trays from 
the Loa River has several features in common with those from north- 
western Argentina. Both areas share the ornament consisting of two 
vertical crescents united by a horizontal bar, human beings playing 
panpipes, a frontal fanged personage flanked by seated profile fig- 
ures, and Sacrificer depictions. Rampant felines are present on snuff 
trays from the Pucará de Tilcara in northwestern Argentina and Chiu- 
Chiu in northern Chile (Uhle 1913). 

The iconographic and stylistic similarities between the Loa and 
northwestern Argentina contrast with the situation in San Pedro de 
Atacama, where the interchange of iconographic elements with the 
Argentine northwest does not seem to have been so direct. Tiwanaku 
influence is totally absent in the trays from northwestern Argentina. 
Planiform extensions are present only at the site of Calilegua, but 
these lack Tiwanaku-style incisions. The lack of Tiwanaku elements 
in the Loa region also suggests a low level of ideological interaction 
between the Loa and San Pedro de Atacama ca. A.D. 400-900. 


THE NORTHERN ANDES 


In the Colombian Andes, use of visionary snuffs is evident in the 
stone sculpture of San Agustín (ca. A.D. 400-1100s) in the upper 
Magdalena River and in Muisca (ca. A.D. 500-1500s) metallurgy 
(Plate 50). In Ecuador, snuffing implements have been recovered, 
without associated plant material, from Valdivia and Chorreras ar- 
chaeological contexts (Stahl 1985; Zeidler 1988). Snuffing practices 
apparently persisted until late in the preconquest period, as evidenced 
by the Guancavilca (Manteño) archaeological site of San Marco in 
the Colonche Valley (Stothert and Cruz Cevallos 2001). Excavation 
of a group of undisturbed graves, dated ca. A.D. 1470-1550, produced 
four wooden snuffing tubes similar to those found in late prehistoric 
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contexts in northern Chile and northwestern Argentina. Chemical 
analysis of residue from one of the wooden inhalers produced nega- 
tive results for alkaloids (Stothert and Cruz Cevallos 2001). In the 
Colombian Andes, evidence for the use of Anadenanthera prepara- 
tions is primarily found in the writings of the early chroniclers (e.g., 
Oviedo y Valdés 1959; Vargas Machuca 1892). Due to the high rela- 
tive humidity of this area, perishable materials have disappeared from 
the archaeological record. The evidence provided by snuffing equip- 
ment, which is so prevalent in the drier environment of the south cen- 
tral Andes, is restricted to Muisca metallurgy. Additionally, the stone 
sculpture of San Agustín provides ample iconographic support for 
snuffing in the upper Magdalena area. 

The archaeological region of San Agustín is located in southern 
Colombia, on the eastern slopes of the Colombian Massif. The basic 
motif in San Agustín sculpture is the representation of a human being 
who usually exhibits zoomorphic characteristics. Although most of 
the stone sculpture consists of freestanding figures, there are also 
carved boulders, relief slabs, and bedrock carvings. Iconographically, 
the fanged mouth is the most widely distributed trait. The alter ego 
concept, bird-snake associations, and animal transformation are com- 
mon thematic units. 

The argument for the probable use of Anadenanthera preparations 
in San Agustín is indirect and inconclusive. It is suggested by some 
iconographic elements such as alter ego representations, figures with 
feline and avian characteristics, and by depictions of probable snuff- 
ing implements. Several statues hold a shell in one hand and a stick in 
the other, as is clearly seen in the main figure from the east mound of 
Mesita A (Reichel-Dolmatoff 1972) and on a similar sculpture from 
Alto de los Idolos (Plate 51). It is known that snail shells are used as 
snuff containers by many tribes of the Amazon basin (Wassén 1965). 
The size of these shells ranges from 12 to 17 cm, or slightly larger 
than the palm of the hand. It seems highly likely that the shell in these 
two sculptures represents a snuff container. The object held in the 
right hand could then be tentatively identified as a snuffing tube. 

In addition to iconographic similarities of Andean and Amazonian 
snuffing paraphernalia with the sculpture of San Agustín, the use of 
yopo (A. peregrina var. peregrina) was described for the upper Mag- 
dalena area during the sixteenth century. Bernardo de Vargas Machuca 
(1892), writing ca. 1599, described the use of yopo, tobacco, and coca 


54 Anadenanthera: Visionary Plant of Ancient South America 


to attain an ecstatic state among Pijao shamans (mohans) of the upper 
Magdalena River. He defined yopo as the fruit of a leguminous tree: 


Jopa is a tree that produces certain small pods, similar to vetch- 
es, and the seeds inside are likewise, but smaller. These the Indi- 
ans take ground in the mouth in order to speak with the Devil. 
(Spanish orig. in Vargas Machuca 1892, 2: 111) 


However, it is unlikely that the ancient people of San Agustín were 
exclusively utilizing Anadenanthera as the source of their snuffing 
mixtures, since this genus has a sparse distribution in northwestern 
Amazonia and the northern Andes. In contrast, evidence for Muisca 
use of Anadenanthera seeds in psychoactive preparations is conclu- 
sive and is considered next. 


The Muisca 


At the time of European contact, the Muisca, a Chibcha-speaking 
tribe of central Colombia, were utilizing a variety of psychoactive 
plants including tobacco, Brugmansia, coca, and Anadenanthera 
(Reichel-Dolmatoff 1965). The Muisca developed a complex gold- 
working tradition that includes unique examples of snuffing para- 
phernalia and related objects. Most of these were cast in gold or 
tumbaga (a gold and copper alloy) by the lost wax method (Pérez de 
Barradas 1958). 

Approximately 20 Muisca gold snuff trays have been reported in 
the literature (Bray 1978; Kunike 1916; Pérez de Barradas 1958). 
These trays are similar in form to those from the south central Andes 
in the rectangular shape of the receptacle and in the relief figures on a 
flat panel. The iconography comprises avian, feline, and ophidian 
motifs; human beings are sometimes represented. Trays with known 
provenances include one found near the town of Gachancipá, another 
at Guatavita, and two near Cogua, all in the present-day Department 
of Cundinamarca (Plates 52a, b). These three sites are located within 
25 kilometers of each other within the Muisca core territory. 

The first description of a snuff tray in the archaeological literature 
is that of a Muisca artifact made by Liborio Zerda in 1883; he did not 
attempt to specifically determine its function. The snuff tray was 
found together with 12 tumbaga objects deposited inside an anthro- 
pomorphic urn. The find was made in 1882, at the site of Chirajara, 
Hacienda Susumuco, near the town of Quetame, Cundinamarca (Zerda 
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1972). Quetame is located on the southern frontier of Muisca terri- 
tory. This is an area with easy access to the lowlands of the Guaviare, 
Vichada, and Meta Rivers, where extensive use of snuffs has per- 
sisted up to the present. 

In addition to the snuff trays, Muisca gold work includes numerous 
trapezoidal figurines, known as tunjos. These figurines sometimes 
represent a human being snuffing via a tube and a rectangular tray 
(Plate 53; Kunike 1916; Pérez de Barradas 1958); similar scenes were 
depicted in ceramic effigy vessels (Bray 1978). All extant Muisca 
snuff trays are rectangular in shape, although one of the ceramic ef- 
figy vessels holds a circular dish and a tube. 

The writings of sixteenth-century Spanish chroniclers suggest Ana- 
denanthera as one probable botanical source of Muisca snuff pow- 
ders. Oviedo y Valdés (1959, 3: 122), writing ca. 1514-1548, briefly 
mentioned the use of yopo (yop, jopa, niopo) among the Muisca and 
its relation to divinatory practices: 


These Indians have another idolatry or sorcery, and they will 
not take to the road, or accept war, nor do any other thing of im- 
portance, without knowing, or at least trying to inquire, what 
will be the outcome of their enterprise. In order to do so they 
have two herbs which they ingest, called yop and osca which 
when taken separately, beginning from a certain time and at in- 
tervals, they say that the Sun tells them what they must do in 
those things about which they have inquired. 


The first specific reference to use of visionary snuffs among the 
Muisca was made by Fray Pedro Simón (1882-1892, 5: 60) in the 
early 1600s: 


Not so long ago, finding myself in the Sogamoso valley, in one 
of our curacies called Tota, immediately after saying Mass, I 
met an old man by name of Paraico next to the church door... 
and knowing he was a sorcerer I had him show me what he was 
carrying under the rags he was wearing, and found on him a 
knapsack with the tools of his trade, which were a small gourd 
which contained the powder of certain leaves they call yopa, to- 
gether with some of the same leaves not yet pulverized, and a 
piece of a mirror of ours imbedded in a little stick, and a small 
broom...and a deer bone cut lengthwise in a slant and very well 
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adorned, made like a spoon with which . . . they take these pow- 
ders and put them in their noses and because of their pungency, 
make the mucus flow down to the mouth, and they observe this 
in the mirror, and if it runs straight it is a good sign, but if 
crooked, the contrary, for everything they endeavor to divine. 


Fray Pedro de Aguado documented the use of yopo, ca. 1560, by 
native groups of the lowlands east of the Muisca heartland. Aguado 
identified the source of yopo as the seed of a tree and observed its use 
among the Guayupe of the Guaviare: 


They are accustomed to take yopa and tobacco, and the former 
is the seed or pip of a tree, and the latter is a certain leaf they 
keep, broad, long and fuzzy, and these they smoke, sometimes 
by mouth or sometimes through the nose, until it inebriates them 
and deprives them of their judgment. . . . This custom of taking 
yopa and tobacco is widespread in the New Kingdom and, so 1 
understand, in most of the Indies, and more so than any other oc- 
cupation .. . with the smoke the Indians take of these things they 
become inebriated and deprived of their natural faculties. 
(Aguado 1956, 1: 599) 


According to Wilbert (1987), the Guayupe smoked tobacco and 
Anadenanthera cigars both through the nose and mouth. The obser- 
vations by Aguado and Wilbert are of importance, since the preced- 
ing evidence suggests Anadenanthera peregrina as a source of Muisca 
snuff powders. The Guayupe were situated on the southeast boundary 
of Muisca territory, and sites such as Quetame would have had easy 
access to the region; the presence of Anadenanthera in the Muisca 
heartland was at best sparse. All of the Muisca interphase with the 
Orinoco lowlands was inhabited by native groups such as the Achagua 
and the Tunebo (Márquez 1979; Rivero 1956; see Chapter 3), well 
known for their intensive use of psychoactive inhalants. However, 
Oviedo, an experienced observer who had described the use of 
cohoba snuff among the Taíno and identified its source as the beans 
of a tree (Oviedo y Valdés 1959), described Muisca snuff as com- 
posed of herbs. The possibility then remains that the Muisca could 
have also had a locally available snuff source and were not exclu- 
sively dependent on the importation of Anadenanthera seeds from 
adjacent areas. 
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Chapter 3 


Anadenanthera in Non-Andean 
South America 


Outside of the Andean area, the evidence for Anadenanthera use 
can be divided into three major regions: the Orinoco River system, 
the Amazon basin, and its southern periphery (see Plate 50; Appen- 
dix). The use of psychoactive plants has been noted in the Amazon- 
Orinoco basin since the second half of the 1600s (Aguado 1956). 
During the mid-1700s, missionaries such as Joseph Gumilla (1984) 
and Juan Rivero (1956) provided the earliest descriptions of the 
use of Anadenanthera. Accurate and detailed information mostly 
refers to the postcolonial period when explorers such as La Conda- 
mine (1778), Humboldt and Bonpland (1971), and Spruce (1970) 
identified the tree and described preparation of its seeds as a snuff 
powder. 


THE ORINOCO BASIN 


The Orinoco River system is subdivided into two sections, with de- 
tailed descriptions of Anadenanthera use provided for representative 
native groups selected from each area. The first area includes the bas- 
ins of the Apure, Arauca, Meta, Vichada, and Guaviare rivers, left- 
side tributaries of the Orinoco that drain the open savanna areas of 
Colombia and Venezuela. The second area comprises the upper 
Orinoco and its right-bank tributaries such as the Ventuari and the 
Parguaza. Intensive use of Anadenanthera preparations has been doc- 
umented for several groups from this region (Chagnon et al. 1970, 
1971; Wilbert 1958, 1963; Zerries 1964). 
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Left-Bank Tributaries of the Orinoco River 


The open and grassy plains of the Colombian llanos provide a fa- 
vorable habitat for A. peregrina var. peregrina. This area is occupied 
by the Tunebo, the Otomac, and the Guahibo (Gumilla 1984; Már- 
quez 1979; Rivero 1956; Reichel-Dolmatoff 1944; Spruce 1970). 
Substantial documentation is available relating use of Anadenanthera 
snuffs. 


The Tunebo 


The Tunebo, Chibcha speakers, inhabited a territory that extended 
from the northern borders of Muisca territory on the eastern slopes of 
the Cordillera Oriental, along the Arauca River in the present-day 
Departamentos de Boyacá and Norte de Santander in Colombia 
(Márquez 1979). In 1634, the proceedings of an accusation of idola- 
try first documented the use of yopo snuff among the Tunebo. Father 
Pedro Guillén de Arce accused several Tunebos, including a chief, of 
using yopa (yopo) to contravene Spanish attempts to convert the 
Tunebo to Christianity: 


That night, in spite of their being Christian and having received 
Holy Baptism, they summoned the devil and called him up in 
their rites and ceremonies, complaining to him that the Span- 
iards had come to convert them and that the priests had deprived 
them of yopa. ... And in this manner, all night long the cacique 
and the Indians that were with him were taking yopa until they 
were seeing the Devil and were talking to him, taking the 
ground yopa out of a snail shell stopped up with a puma's tail, 
and an old man distributing with a spoon made out of puma 
bone...sothey went on until dawn. The Devil was to foretell all 
the good and evil events, diseases or deaths . . . according to the 
filthy liquid that was running from their noses through which 
they take yopa, and which they watch in certain small mirrors. 
(quoted in Reichel-Dolmatoff 1978: 26-27, from a manuscript 
by Guillén de Arce, Visitas de Boyacá, in the Archivo Histórico 
Nacional, Bogotá) 


Several observations made by Guillén de Arce are of importance, 
because of their commonality, in understanding the use of snuffs. 
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Yopo snuff is seen as an intermediary, and it is the element that allows 
access to the extra-human. The ceremonies were all-night sessions in- 
volving continuous use of the snuff. Throughout Orinoquia and 
Amazonia, as is described in this chapter, snuffs are usually adminis- 
tered repeatedly over a period of several hours. The use of a snail 
shell as a snuff container is widespread, as is association with feline 
imagery. The practice of divination by observing the flow of mucus 
via small mirrors had been observed, as previously mentioned, by 
Pedro Simón in the Sogamoso Valley. 

A century after Guillén de Arce, the Jesuit missionary Juan Rivero 
(1956: 108), writing ca. 1736, described a similar method of prognos- 
tication among the Achagua, an Arawak-speaking group that inhab- 
ited the area along the Meta River, to the south of Tunebo territory: 


One of the deceits they practice consists in the use of certain 
powders which they obtain from the small seeds of certain trees 
which are tall and abundant in foliage; these powders they call 
yopa, and with these they prophesy. . . . For this they gather and 
convoke many and begin to give them yopa, which use is 
through the nose, in the manner of tobacco, and it is of such 
strength, that in a short while deprives them of their judgment; 
its strength brings forth humors from the nose and here enter the 
divination and the signs of his presages. . . . They usually snuff 
yopa for an entire day, with their doubt, until the effect is re- 
vealed by one of the nostrils. 


Rivero was one of the Jesuits missionizing the area, and traveled 
extensively over this territory between 1720 and his death in 1736 
(Rivero 1956). He observed the use of yopo snuff among other neigh- 
bors of the Tunebo, including the Airico (Rivero 1956). Airico and 
Jirara shamans, to the southeast of Tunebo territory, snuffed yopo to 
see the future and for healing. Among these two groups, the snuff was 
blown over a patient's body to counteract the illness (Hernández de 
Alba 1948b). It is clear, despite the bias of the Christian missionaries, 
that the use of yopo snuff played an essential role in communicating 
and manipulating the supernatural. The use of yopo appears as a 
deeply ingrained and widespread cultural trait. 

The Tunebo today refer to the snuff powder as akud and not by the 
term yopo preferred by the Achagua and the Guahibo (Márquez 
1979; Uscátegui 1961). Rivero (1956) uses the term yopa to refer to 
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Anadenanthera snuff use by indigenous cultures throughout the Co- 
lombian and Venezuelan savannas regardless of their respective lan- 
guage. Nestor Uscátegui (1961), in his comprehensive work on the 
use of psychoactive plants by native populations of Colombia, identi- 
fies A. peregrina as the source of the akuá snuff of the Tunebo. María 
Elena Márquez (1979), who resided among the Tunebo for several 
years, described in detail their use of psychoactive inebriants. She 
also identified the source of akuá snuff as A. peregrina and described 
its preparation and ritual use. In addition to yopo, the Tunebo also 
used coca (Erythroxylon sp.), known as asa, and tobacco, which the 
Tunebo call baka (Márquez 1979). 

The Tunebo engaged in long journeys to the Tame River, a tribu- 
tary of the Meta, to collect Anadenanthera seeds (Márquez 1979). 
This is in agreement with Siri von Reis Altschul (1972), who main- 
tained that Tunebo territory is west of the reported distribution of 
Anadenanthera in northern South America. However, the range of 
distribution of A. peregrina in this area seems to be broader than sug- 
gested by herbarium specimens. 

An attitude of awe attended preparation or use of this snuff. To pre- 
pare it, the Tunebos peeled the seeds and roasted them in the same 
hearth used to dry coca leaves. The roasted seeds were pulverized, 
lime of calcined shells mixed with water added, and the mixture was 
kneaded and made into small cylinders kept in a container made from 
the beak of a toucan. The seed membranes and any remaining lime 
water were buried and covered by a rock. All of this work was done 
indoors; were it conducted outdoors, it was believed that terrible storms 
would result. Prior to its ingestion, the small cylinders were finely 
pulverized, the powder poured into a small hardwood dish (karoá) to 
be inhaled through a tube (kwisiará) made from the leg bone of the 
pajuíl bird (Crax alberti Fraser or Mitu tomentosa Spix; Reis Alt- 
schul 1972). 

The akuá snuff is of mythical origin. A Tunebo tale relates how a 
mythical ancestor, Bistoá, pursuant to commands of the Tunebo su- 
preme being Sirá, emerged from primordial waters with the intention 
of creating the earth. Since there was no earth, only water, Bistoá sat 
on his fingers, called his four nephews, and told them that there was 
no earth and to go quickly in search of some because there was no 
place to inhabit. Soil was brought, and once this phase of creation was 
concluded, Sirá ordered Bistoá to inebriate himself with akuá to pre- 
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pare the land for the arrival of tobacco, animals, and ultimately the 
Tunebo. Bistoá's final act of inebriation was identified with a specific 
feature of the landscape. On a rocky outcrop known as Tína, near 
Sukúta, there exists a petroglyph depicting a seated figure wearing a - 
tunic and holding a snuff tray and tube. The Tunebo interpret this 
lithic engraving as an image left behind by Bistoá on his primordial 
inebriation (Márquez 1979). 

Akuá snuff was used almost exclusively by shamans (karekas). 
The kareka received their calling directly from Sirá, who instructed 
the future shamans on use of the snuff as a diagnostic and oracular 
tool. In order to effect a healing, the kareka snuffed the powdered 
Anadenanthera seeds, imbibed liquid tobacco, and journeyed in his 
ecstatic trance to a mythical space where there exists no night. There 
he was offered tobacco juice by winged supernatural figures who car- 
ried the shaman to the presence of Sirá. Sirá was seated holding rat- 
tles and wearing a feathered headdress like those worn by Tunebo 
shamans. All spirits were instructed by the snuff spirit to seek out the 
Tunebo and to heal them of any ailments (Márquez 1979). 

To diagnose an illness for a specific individual, the kareka asked 
the following questions of the patient: How did the disease begin? 
Where does one hurt? Might a patient eat and is it possible to sit 
erect? The kareka and patient then sat down, and began snuffing, and 
chewing coca and tobacco, meanwhile inquiring of the supernaturals 
for an answer. Blowing and sucking on the patient's body might be 
conducted throughout the healing session (Márquez 1979). 

The existing Tunebo documentation makes apparent that yopo 
snuff enabled a shaman to have access to the supernatural realm. The 
snuff seemed to be imbued with vitality, being referred to as the 
"yopo spirit" (cf. Wichi later in this chapter). It was used for the diag- 
nosis and healing of individual or community diseases and epidemics 
and also in oracular and divinatory activities. The seeds were used in 
attempts to control the weather. To propitiate the rain, several Ana- 
denanthera seeds were wrapped inside cloth, which was placed in a 
ravine, covered with a rock. When this action had served its purpose 
and it was desired that the rain stop, these seeds were retrieved and 
burned. 

Under the influence of the snuff, the karekas were even believed 
capable of flight. Avian and feline imagery were frequently associ- 
ated with Tunebo snuff use. The shaman stored snuff pellets in the 
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container made of toucan beak and inhaled it via a bird bone tube (see 
Plate 54 for illustrations of snuffing tube types). Guillén de Arce de- 
scribed the use of jaguar fur as a stopper for the snail shell snuff con- 
tainer, and of a spoon made of jaguar bone for distributing the snuff. 
No other plant admixtures seemed to be added to the akuá snuff of the 
Tunebo. However, tobacco and coca were used in conjunction with 
the snuff during the all-night sessions. 


The Otomac 


The first notice of psychoactive inhalants by the Otomacs, no- 
madic hunter-gatherers of the Meta, Apure, and Orinoco rivers, was 
made by Joseph Gumilla (1984). He was a Jesuit missionary who, 
like his contemporary Juan Rivero, had traveled extensively in the 
Casanare plains, and on the Meta and Orinoco rivers between 1715 
and 1737. This period marked the intensification of Jesuit penetration 
into the valley of the Orinoco and its tributaries (Gumilla 1984) and 
occasioned the earliest reports of visionary plant use in this region. 

Gumilla (1984) considered the Otomac warring barbarians with- 
out a socioeconomic structure, given to the excessive use of inebri- 
ants: 


They have another most evil habit of intoxicating themselves 
through the nostrils, with certain malignant powders which they 
call yupa, which deprives them of their judgment (que les quita 
totalmente el juicio), and furious they grasp their weapons. . . . 
They prepare this powder from certain pods of the yupa (unas 
algarrobas de yupa) from which the name is derived, but the 
powder itself has the odor of strong tobacco. That which they 
add to it, through the ingenuity of the devil, is what causes the 
intoxication and the fury. After eating certain very large snails 
. . . they put their shells into the fire and burn them to quicklime 
whiter than snow itself. This lime they mix with the yupa in 
equal quantities, and after reducing the whole to the finest pow- 
der there results a mixture of diabolical strength; so great that in 
touching this powder with the tip of the finger, the most con- 
firmed devotee of snuff cannot accustom himself to it, for in 
simply putting his finger that touched the yupa near to his nose, 
he bursts forth into a whirlwind of sneezes. The Saliva Indians 
... also use the yupa, but as they are people gentle, benign, and 
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timid they do not become maddened like our Otomacos, who, 
even on account of this, have been and still are formidable to the 
Caribs; for before a battle they would throw themselves into a 
frenzy with yupa, wound themselves, and full of blood and rage 
go forth to battle like rabid tigers. (English translation from 
Safford 1916: 553) 


Analysis of Gumilla's statement reveals aspects of the snuffing 
complex relevant to this study. He uses the phrase “algarrobas de 
yupa” to identify the source of the snuff. Algarroba, or algarrobo, is a 
generic term used in Spanish to refer to diverse American leguminous 
trees similar to the tree known as algarrobo (Ceratonia siliqua L.) in 
southern Spain. In Peru, Bolivia, and northern Chile, the term usually 
refers to species of Prosopis. Gumilla was clearly referring to the 
pods of an algarrobo-like tree. The preparation of yupa snuff as de- 
scribed in this text is similar to that reported for many other groups. 
The algarrobo bears some superficial similarities to Anadenanthera. 
The addition of calcined snail shell to the ground seeds is a feature 
common to this area. It should be noted, in connection with the con- 
sumption of yopo snuff before battle, that Chiricoa men of the Co- 
lombian/Venezuelan savannas also take snuff to enrage themselves 
before battle (Kirchhoff 1948). According to Father Gilli, another Je- 
suit missionary of this region, the Otomacs used the term curupa to 
designate the snuff referred to as yupa by Gumilla (Humboldt and 
Bonpland 1971). 

Approximately 70 years after Gumilla, the German explorer Alex- 
ander von Humboldt visited the Otomacs. In June 1800, during ex- 
plorations of the Orinoco, he visited the mission of Uruana (La Ur- 
bana), located on the Orinoco River between the Meta and Apure 
rivers (Humboldt and Bonpland 1971). Otomacs inhabited this mis- 
sion during the time of his visit. Humboldt observed the preparation 
and use of a snuff powder, and identified one of its ingredients as Aca- 
cia niopo (syn. A. peregrina var. peregrina): 


[T]hey throw themselves into a peculiar state of intoxication, we 
might say of madness, by the use of the powder of niopo. They 
gather the long pods of a mimosacea, which we have made 
known as Acacia niopo, cut them into pieces, moisten them, and 
cause them to ferment. When the softened seeds begin to go 
black, they are kneaded like a paste, mixed with some flour of 
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cassava and lime procured from the shell of a helix, and the 
whole mass is exposed to a very brisk fire, on a gridiron made of 
hard wood. The hardened paste takes the shape of small cakes. 
When it is to be used, it is reduced to a fine powder, and placed 
on a dish five or six inches wide. The Otomac holds this dish, 
which has a handle, in his right hand, while he inhales the niopo 
by the nose through the forked bone of a bird, the two extremi- 
ties of which are applied to the nostrils. This bone, without 
which the Otomac believes that he could not take this kind of 
snuff is seven inches long: it appears to me to be the leg bone of 
a plover. (Humboldt and Bonpland 1971, 2: 504-505) 


Humboldt's identification of the source of niopo as an Acacia spe- 
cies firmly establishes its identity. Humboldt stated that the pods are 
moistened and left to ferment; this has not been documented among 
any other group. Further on in his text, Humboldt attributed the 
strength of the snuff preparation, not to the Anadenanthera seeds but 
to the freshly calcined lime added to them (Humboldt and Bonpland 
1971). These softened and kneaded seeds cooked in cake form over 
an open fire have been reported more recently among the Cuiva- 
Guahibo, as is described later (Coppens and Cato-David 1971). 


The Guahibo 


The Guahibo occupy the territory south of the Otomac, between 
the Meta and Vichada rivers. They are hunters and fishermen who use 
yopo, kapi (Banisteriopsis sp.) and tobacco. They are small-scale to- 
bacco cultivators and smoke it as cigars wrapped with the soft inner 
leaves of corn husks (Reichel-Dolmatoff 1944). The Guahibo are di- 
vided into four subgroups: Guahibo proper, Amoruá, Sikuani, and 
Cuiva. We owe to Juan Rivero (1956: 152) the first description of 
yopa powder among the Guahibo: 


Inebriation with yopa powders is never amiss amongst them, 
and they carry them in large snail shells that serve as containers, 
and this is the only equipment they take along on their wander- 
ings; they use the snuff powders with more excess and reck- 
lessness than the other nations, and it serves them in their 
superstitions and prophesies. 
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Fifty years after Humboldt, the English botanist and explorer 
Richard Spruce (1970) traveled in the region, collected botanical 
specimens and snuffing paraphernalia, and observed the preparation 
of snuff powders. Spruce traced the tree from the Amazon to the 
Orinoco and collected its leaves, flowers, and fruits. These samples 
were identified by Bentham, the English botanist and expert on the 
Mimosaceae, as Anadenanthera peregrina (then Piptadenia). Spruce 
first gathered specimens from cultivated trees at the junction of the 
Tapajoz and the Amazon. The following year he made a collection 
from wild trees along the Jauauarí, a lower tributary of the Río Negro. 
In 1977, the seeds collected by Spruce in 1854 were submitted to 
chemical analysis. The only alkaloid identified was, as expected, 
bufotenine, a chemical marker for Anadenanthera species (Schultes 
et al. 1977). Spruce had the opportunity to see the snuff prepared in 
June 1854, when he met a group of Guahibo from the Meta encamped 
on the savannas of Maypuré: 


[O]n a visit to their camp I saw an old man grinding Niopo seeds 
and purchased of him his apparatus for making and taking the 
snuff. . . . The seeds being first roasted are powdered in a 
wooden platter. . . . It is held on the knee by a broad thin handle, 
which is grasped in the left hand, while the fingers of the right 
hold a small spatula or pestle of the hard wood of the Palo de 
arco (Tecomae sp.) with which the seeds are crushed. 

The snuff is kept in a mull made of a bit of the leg-bone of the 
jaguar, closed at one end with pitch. . . . It hangs around 
the neck. . . . For taking the snuff they use an apparatus made of 
the leg-bones of herons . . . put together in the shape of the letter 
Y. (Spruce 1970, 2: 427-428) 


Spruce's description is in agreement with observations made by 
Reichel-Dolmatoff (1944) almost a century later. Both authors de- 
scribe a simple process of roasting the seeds and grinding them into a 
fine powder, with an admixture of lime or ash. 

This contrasts with the more complex preparation of the Cuiva of 
the Capanaparo River, a tributary of the Orinoco (Coppens and Cato- 
David 1971). After collecting the seeds, the Cuiva let them dry for 
several days in a sunny spot. The seeds are then compacted into a 
mass that is placed in a mortar and pounded with a pestle until it be- 
comes a soft paste. The next step starts with the processing of a shell 
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that is first broken into little pieces and heated over a fire until it be- 
comes incandescent. The bits of shell, now turned white, are trans- 
ferred to a hard wood tray and reduced to a fine powder. The mass of 
macerated yopo seeds is removed from the mortar and mixed with the 
fine shell powder. The mixture is kneaded and shaped into a flat disk, 
which is then attached to a forked stick. This is placed over a fire until 
itis completely dry. When they are ready to snuff, a piece of the dried 
cake is placed on the same dish used to grind the calcined shell, where 
itis ground to a fine dust. The yopo is then spread in a thin layer over 
the tray and inhaled through a Y-shaped bird bone tube. After con- 
suming yopo, it is common to have nausea accompanied by strong 
vomiting. Some natives induce vomiting by introducing a finger or a 
feather into the throat (cf. the use of vomit spatulas by the Taíno). 
Among the Cuiva, yopo could be taken by an individual alone or by 
invitation of another person. Most yopo consumption is of a collec- 
tive nature. Frequently, the host distributes among his guests pieces 
of yopo cakes that are taken home for later ingestion. All the males, 
with rare exception, take yopo daily. Children are introduced to yopo 
snuffing at an early age, sometimes before the onset of puberty 
(Coppens and Cato-David 1971). 

Spruce (1970, 2: 428) goes on to describe the chewing of Banis- 
teriopsis caapi bark in conjunction with snuffing yopo: 


The Guahibo had a bit of caapi hung from his neck, along with 
the snuff box, and as he ground his niopo he every now and then 
tore off a strip of caapi with his teeth and chewed it with evident 
satisfaction. “With a chew of caapi and a pinch of niopo,” said 
he, in his broken Spanish, “one feels so good! No hunger—no 
thirst—no tired!” From the same man I learnt that caapi and 
niopo were used by all the nations on the upper tributaries of the 
Orinoco, i.e., on the Guaviare, Vichada, Meta, Sipapo, etc. 


The chewing of Banisteriopsis caapi is also documented by Reichel- 
Dolmatoff (1944) in his description of a class of Guahibo protective 
ritual events in which the shaman serves as an intermediary between 
humans and the supernatural. In these rites it is essential to snuff copi- 
ous amounts and to chew caapi in order to be in an ecstatic state from 
the beginning of the performance. The practice of chewing caapi 
bark and snuffing yopo during the course of all-night ceremonies 
seems to be frequent in the region. The Guahibo of the Vichada River 
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perform multinight ritual events that include, in addition to snuffing 
yopo and chewing caapi, the smoking of tobacco and the drinking of 
yagé (Wassén 1965). The Pumé of the Arauca and Capanaparo rivers 
conduct all-night shamanic events in which they chew the stems and 
the root of Banisteriopsis caapi in conjunction with a snuff powder 
made from the seeds of A. peregrina (Gragson 1997). The Sikuani of 
the Meta River, Colombia, chew the roots of B. caapi to enhance the 
experience of snuffing yopo (Torres 1994). Research on the mono- 
amine oxidase (MAO)-inhibiting effects of the harmala alkaloids 
suggests the possibility that sustained chewing of caapi bark could 
enhance the effects of the tryptamine-containing snuffs (see Holm- 
stedt and Lindgren 1967a; Ott 2001a, 2001b). 

Snuffing paraphernalia is very homogenous throughout Guahibo 
territory (Plate 55). Reichel-Dolmatoff (1944) describes utensils very 
much like those sent by Spruce to the Royal Botanical Gardens 
(Schultes et al. 1977). The equipment is directly associated with fe- 
line attributes. In addition to the feathered feline bone container, the 
shaman wears a tiger claw headdress and carries the snuffing equip- 
ment in a bag made of feline fur (Reichel-Dolmatoff 1944). Guahibo 
inhalers are Y-shaped and made out of bird bone with a slanted cut at 
the distal end, and two nuts serving as nosepiece. The snuff tray is 
round with a fanlike handle (for other snuffing kit samples, see 
Granier-Doyeux 1965; Wassén 1965; Wurdack 1958). 

Reichel-Dolmatoff (1944) states that yopo is used exclusively by 
males. However, Coppens and Cato-David (1971) reported that Cuiva 
women participated in the collecting of the seed and in snuff prepara- 
tion, and a few took part in its consumption. Some of the women en- 
gaging in snuffing among the Cuiva belonged to families of great 
prestige. 

The three groups discussed are representatives of the different as- 
pects of the use of Anadenanthera peregrina in the Colombian and 
Venezuelan llanos. The Tunebo, sedentary agriculturalists, contrast 
in some aspects of their utilization of A. peregrina with nomadic 
hunters and gatherers such as the Guahibo and the Otomacs. Among 
the Tunebo, yopo snuff is restricted to the shamans, while among the 
Guahibo its use is more widespread within the community. The iden- 
tification of the botanical source as A. peregrina has been clearly 
established for all three groups. 
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Right-Bank Tributaries of the Orinoco River 


The territory encompassed by the right-bank tributaries of the 
Orinoco River in its middle and upper course is inhabited by several 
groups reported to utilize Anadenanthera preparations. The terrain 
here differs from the Colombian and Venezuelan savannas, being 
heavily forested and including mountainous areas. Two groups that 
occupy this region, the Piaroa and the Yanomamó, are discussed in 
detail. 


The Piaroa 


The Piaroa occupy the area in present-day southern Venezuela 
bounded by the Parguaza River to the north, the lower Ventuari to the 
south, the middle Ventuari to the east, and the Orinoco to the west 
(Wilbert 1958). Their seminomadic economy is based primarily on 
fishing, hunting, and gathering, although they also practice small- - 
scale agriculture. The Piaroa, Sáliva speakers, refer to their snuff 
powder as yopo and employ the seeds of A. peregrina as one of its 
components (Reis Altschul 1972; Smet and Rivier 1985; Wilbert 
1958). 

Alain Gheerbrant (1954) visited the Piaroa in 1949 and observed 
their preparation and use of yopo snuff. He did not attempt to identify 
the plant source of yopo but otherwise provided an account of its 
preparation. He told of a method of obtaining the ashes for the admix- 
ture that seems unique to this group. A small bunch of unidentified 
herbs hung from the roof of the shaman's hut and, suspended over a 
flat stone, was set on fire so that its ashes fell on the stone below. Ac- 
cording to Gheerbrant, several other substances were added to the 
ashes, and the resulting deep-brown mixture was roasted over a fire. 
Unfortunately, he failed to identify any of the ingredients. Yopo was 
snuffed from a small board with raised edges via a Y-shaped tube. 
The use of yopo in the context of night-long ceremonies is also briefly 
mentioned (Gheerbrant 1954). 

To collect the seeds of A. peregrina, the Piaroa traveled to the sa- 
vanna regions of the upper Ventuari and the lower and middle Par- 
guaza rivers during the dry months of January and February. The 
Piaroa made extensive use of yopo snuff and prepared it by roasting 
and pulverizing the seeds, then mixing the resulting powder with 
ashes from the bark of a tree known as Coco de mono (Lecythidaceae 
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sp.). The snuff powder was placed on a circular dish with a fanlike 
handle to be inhaled through a Y-shaped bird-bone tube. Piaroa snuff- 
ing paraphernalia is very similar to that known for the Guahibo (Reis 
Altschul 1972; Smet and Rivier 1985; Wilbert 1958, 1963). 

The Piaroa were renowned for their production of potent curare 
used to poison blowgun darts. They utilized a species of Strychnos 
capable of killing a prey animal within fifteen minutes (Wilbert 
1958). Trade of curare for yopo existed with the Guahibo, who did 
not themselves prepare the dart poison. The yopo manufactured by 
the Sikuani (a Guahibo subgroup) of the Tuparro River was highly 
valued by the Piaroa (Reichel-Dolmatoff 1944). 

Identification of the primary plant source for Piaroa snuff as the 
seeds of A. peregrina was definitively determined by the finding of 
bufotenine in Piaroa snuff samples (Smet and Rivier 1985). Smet and 
Rivier also found traces of harmine in one Piaroa snuff sample. 
Holmstedt and Lindgren (1967a) detected harmine in a Piaroa snuff 
sample, in addition to bufotenine. The 8-carboline alkaloid harmine 
is not known to be a constituent of Anadenanthera seeds, but it is the 
principal alkaloid of Banisteriopsis species, widely used as a primary 
ingredient of inebriating potions (ayahuasca, caapi, yagé) throughout 
the Amazon and Orinoco basins. There is no ethnographic evidence 
for use of Banisteriopsis species as a snuff admixture; the Piaroa did 
not seem to be familiar with ayahuasca potions (Smet and Rivier 
1985). However, in light of the well-documented Guahibo practice of 
chewing Banisteriopsis bark in conjunction with taking snuff, we 
cannot dismiss the possibility that the Piaroa might have added it to 
their snuffs. Harmine has also been detected as component of Surará 
and Tucano snuffs (Biocca et al. 1964; Holmstedt and Lindgren 
19672). 


The Yanomamó (Waika, Sanemá, Samatari, Xiriana) 


Anadenanthera peregrina has a spotty distribution in the largely 
densely forested area of the upper Orinoco River occupied by the 
Yanomamó (Chagnon 1992), who actively use a variety of psychoac- 
tive plants, including species of Virola, Justicia, and Anadenanthera 
(Chagnon et al. 1971). The Yanomamó use the term ebene in refer- 
ence to any snuff powder, regardless of source plants. They often 
combine previously prepared snuffs and the resulting mixture is still 
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referred to as ebene. The snuff is blown by one man into another's 
nostrils via a 1-2 m tube. 

Resin or bark extract exudate of Virola trees, known as yakoana to 
the Yanomamó, is a primary ingredient in their snuffs. Virola is so 
common in this area, and its use as snuff source so prevalent, that it 
may often be denominated ebene, although not all snuff powders con- 
tain Virola resin or extract. Various species of Virola (Myristicaceae) 
are used as components of snuffs in the northwestern Amazon area of 
Colombia and Brazil, and in the Orinoco River basin of Venezuela. 
This type of snuff escaped notice until the fieldwork of the German 
ethnologist Theodor Koch-Grünberg in the early twentieth century. 
Koch-Grünberg did not identify the plant source, but he observed 
preparation of snuff from the bark of a tree during his stay among the 
Yekwana of the upper Orinoco River in 1911-1913 (Koch-Grünberg 
1917-1928; Schultes 19792). The first published reference to the use 
of Virola in snuff was made by the botanist Adolpho Ducke (1938, 
1939); Alfred Métraux (1948b) documented the drinking of a Virola 
bark decoction in conjunction with snuff taking among the Omagua 
(see p. 82). Virola was not definitively identified as a snuff source un- 
til the U.S. ethnobotanist Richard Evans Schultes (1954) observed 
preparation of Virola snuff during his extensive fieldwork in the north- 
western Amazon. The Puinave, Cubeo, and many Tukano groups 
from the Vaupés region of Colombia also employed Virola species in 
snuffs. Leaves of Justicia species, notably Justicia pectoralis var. 
stenophylla (Schultes 1967, 1979, 1990; Seitz 1967), sometimes 
were added to the ebene snuffs; often these leaves might be pulver- 
ized and snuffed without any other admixtures or with the ashes of 
Elizabetha princeps bark (Brewer-Carias and Steyermark 1976; Seitz 
1967). The role of Justicia leaves, known as mashahiri to the Yano- 
mamó, in psychoactive preparations is not clear. No alkaloids of an 
activity comparable to the tryptamines have been found with cer- 
tainty, although they have been reported twice (Ott 1996; Schultes 
1990); the presence of non-nitrogenous psychoactive compounds has 
been suggested (Schultes 1990). The Tototobí Waikás (Yanomamó) 
are reported to use resin from the trunks of Virola theiodora as sole 
ingredient of their snuffs and dart poisons (Agurell et al. 1969). The 
predominant alkaloids in Virola barks are 5-methoxy-DMT and DMT 
(Ott 1996). 
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Some Yanomamó prefer snuffs made from Anadenanthera pere- 
grina (hisioma, sisioma in some dialects) seeds because they may be 
stronger than Virola bark snuffs (Chagnon et al. 1971); only a small 
amount is needed to attain desired effects with a minimum of malaise 
and nausea. One of Chagnon's informants commented, */H]isioma is 
really the strongest of the snuffs. To get inebriated with yakoana one 
must inhale a lot, dose after dose into the nose. It makes you vomit all 
your food, then one becomes hungry" (Chagnon et al., 1971: 73). 
This remark is supported by the differences in alkaloid concentration 
between hisioma and yakoana snuffs. Analytical results reported by 
Chagnon and his team indicated that one sample of hisioma yielded 
7.4 percent bufotenine, whereas two samples of yakoana yielded 0.15 
percent and 2.0 percent 5-methoxy-DMT and its N-oxides respec- 
tively (Chagnon et al. 1970). 

Distribution of A. peregrina in Yanomamó territory is disperse and 
spotty. Villages proximate to wild or feral populations of the tree may 
specialize in the trade of its seeds, which are peeled, then packed into 
foot-long cylinders traded over an extensive range. The Maruiá Waikás 
make annual trips to collect Anadenanthera seeds from trees growing 
in open pastures (Prance 1972). Schultes (1954, 1967) has stated cat- 
egorically that the genus Anadenanthera is absent from this region, 
and proposed that any groves of Anadenanthera present are recent in- 
troductions from the adjacent savanna areas. Chagnon argued that 
Anadenanthera had wider distribution in the forest, noting that all 
Yanomamó groups he had visited knew of the tree and referred to it 
by the same name: hisioma or sisioma (Chagnon et al. 1970; see also 
Brewer-Carias and Steyermark 1976). The presence of Anadenan- 
thera in a village on the Marauiá River has likewise been documented 
by Georg Seitz (1969; Wassén 1965). Spruce (1970) saw A. peregrina 
growing wild in the Jauaurí River, a tributary of the lower Río Negro. 
Bufotenine was detected in snuff cakes collected among Makeko- 
toterí Waikas of the upper Orinoco River, suggesting Anadenanthera 
as one of its components (Marini-Bettólo et al. 1965). Anadenan- 
thera peregrina has been planted in several Yanomamó villages in the 
upper Orinoco. Some Yanomamó groups have introduced the tree to 
areas where shifts in trade and warfare patterns have interrupted the 
seed trade. It should be noted that any villages trading for hisioma 
seeds generally have ready access to Virola trees (Chagnon et al. 
1970, 1971). 
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These snuffs are used in a shamanic context, although secular use 
is also frequent. Shamans as a rule perform their cures in the after- 
noon, although not exclusively. Experienced shamans do not inhale 
large amounts; small pinches are all that is required to achieve inebri- 
ation. Ecstatic trances catalyzed by these snuffs may provoke frenetic 
dancing as a means to invoke the hekura, diminutive spirits that can 
harm enemies and dispel sickness from the community. Ebene is 
sprinkled over the ashes of cremated individuals who have died in 
warfare. It is also used in mourning ceremonies for the recently 
deceased (Chagnon et al. 1970). 


THE AMAZON BASIN 


Distribution of Anadenanthera in the Amazon basin is limited by 
the intolerance of this genus for tropical rain forest conditions. 
Anadenanthera peregrina var. peregrina is found in pockets of sa- 
vanna within the jungle, but appears not to be found at all in western 
Amazonia (Reis Altschul 1964). Reichel-Dolmatoff (1978) has pro- 
posed that the Guaviare River is the dividing line between Anadenan- 
thera and Virola snuff usage. We first discuss A. peregrina var. 
peregrina-using groups such as the Kaxúyana, Maué, and Mura. 
Anadenanthera colubrina var. Cebil is the species and variety native 
to the Southern Hemisphere, and next we discuss its use by the 
Cocama and Piru of the upper Ucayali River, and the Tupari of 
western Brazil, among others. 


The Kaxúyana 


Documentation of Anadenanthera use in the lower Amazon basin 
is scarce and is limited to a few native groups. Frikel (1961) and 
Polykrates (1960) collected suggestive evidence from the Kaxüyana, 
a Karib group of the Trombetas River, to postulate that its seeds were 
used as an ingredient of their snuff powders. The Kaxúyana refer to 
snuffs and to the ritual in which they are used as morí. The morí ritual 
is ancient and was instituted by Uhhtarére, a mythological shaman 
and intermediary between worlds. The purpose of attaining a vision- 
ary state through snuff inhalation was to establish contact with this 
entity (Frikel 1961). 
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Frikel (1961) differentiated three types of snuffs. Tobacco was the 
sole ingredient of the first type. The second consisted of unidentified 
tree bark, seeds, and nuts, while the third was a combination of the 
first two. However, Anadenanthera peregrina seeds were present in 
Polykrates’s collection for the Danish National Museum (Wassén 
1965). Flexibility characterizes indigenous drug preparation and 
snuffs might vary in ingredients from batch to batch. The snuffing 
equipment consisted of parallel snuffing tubes, a snuff tray, a bird- 
shaped staff, and containers for the powder. The tray itself is called 
yará-kukúru, or “image (kukúru) of the mythological water jaguar 
(yará).” The staff is known as “kurúm-kukúru, or image (kukúru) of a 
parrot-like bird (kurtim),” and is used during chants and dances pre- 
ceding and during the morí ritual (Frikel 1961). 

Kaxúyana snuffing paraphernalia differs from that described for 
the Guahibo and Piaroa. Snuff trays are not circular but rectangular, 
and more closely resemble pre-Columbian Andean snuff trays, al- 
though these are larger in size. One such tray has been documented 
by Frikel (1961; see also Wassén 1967a) and two by Polykrates 
(1960); all three are quite similar in form and iconography. The trays 
illustrated by Frikel and Polykrates (1960) have a handle consisting 
of paired felines (Plate 56). 


The Maué 


This native group inhabited the lower Tapajoz River to its conflu- 
ence with the Amazon (Nimuendajá 19482). One of the earliest ac- 
counts of snuffing among the Maué is that of Alexandre Rodrígues 
Ferreira. This Brazilian scholar had conducted one of the first scien- 
tific expeditions to the Amazon basin at the request of the Portuguese 
government, between 1783 and 1792 (Wassén 1972a). In 1786, he 
documented the snuff implements used by the Maué in his “Memo- 
rial about the instruments used by the savages for taking paricá- 
snuff” (in Wassén 1970). These included a mortar with its pestle, a 
small brush used to clean the mortar and to gather the snuff on the 
tray, a snail shell fitted at its helical vertex with the neck of a gourd 
serving as a snuff box, a wooden rectangular tray, and parallel bird 
bone snuff tubes. The snuff was taken by pouring some powder con- 
tained in the snail shell onto the snuff tray to be spread evenly with the 
brush. The tray was grasped by the handle with the left hand, the dish 
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turned toward the body to inhale the powder via the parallel bird bone 
tubes. One of the illustrations accompanying Ferreira's manuscripts 
depicts a wooden snuff tray with three figures projecting from one of 
the narrow sides of the tray (Wassén 1970, 19722). This is a common 
occurrence, as previously discussed, in archaeological snuff trays 
from the south central Andes; this is the only snuff tray of this type in 
the Amazon basin. The same illustration depicts two individuals en- 
gaged in snuffing via a long tube. It can be concluded that tbe two 
methods of snuffing, self-administered and collaborative, were prac- 
ticed by the Maué. The material collected during the expedition was 
sent to Lisbon, and as of 1806 most of these artifacts became part of 
the collection of the Museu e Laboratório Antropológico da Universi- 
dade de Coimbra, Portugal (Hartmann 1982b; see also Hartmann 
1982a). 

The German explorers Johann B. von Spix and Carl von Martius 
visited the Mura and the Maué ca. 1819 and provided detailed ac- 
counts of their snuffing practices. Spix and Martius (1823-1831) and 
the Austrian naturalist Johann Natterer were part of a scientific expe- 
dition to Brazil organized at the behest of Austrian Emperor Franz I. 
The expedition lasted from 1817 to 1821. Spix and Martius returned 
to Europe with the rest of the expedition members, but Natterer 
stayed in the Americas until 1835 (Smet and Rivier 1987). During his 
travels in Brazil, Natterer collected three elaborately carved wooden 
snuff trays from the Maué, as well as two snuffing tubes, two shell 
containers, and two hardwood pestles. These objects are all part of 
the collection of the Museum für Völkerkunde of Vienna. This mu- 
seum owns three additional Maué snuff trays and four snuffing tubes, 
acquired in 1901 as part of the Loreto collection (Becker-Donner 
1953; Wassén 1965). 

Natterer's diaries were destroyed by fire during civil disturbances 
in Vienna in October 1848. The museum's inventory was written un- 
der his direction, and it is still extant (Wassén 1965). His collection 
also included seeds labeled as being “of the Paricá-tree.” Chemical 
analysis conducted by Smet and Rivier detected 15 milligrams of 
bufotenine per gram of dried seed material. According to Natterer's 
catalogue notes (quoted in Wassén 1965 and in Smet and Rivier 
1987), the seeds were crushed, then mixed with ashes of Cecropia 
species. The resulting mix could be snuffed or administered as an en- 
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ema. Natterer also recorded the use of A. peregrina among the Mura 
and the Capiruna. 

Spix and Martius visited the Maué, collected one snuff tablet 
(Plate 57; Zerries 1964, 1980), and mentioned that by the time of their 
visit in 1819, snuff from A. peregrina seeds was less frequently used 
than previously. Like Natterer, Spix and Martius described simply 
roasting the seeds then adding Cecropia ashes. Such a method has 
been attributed to the Maué by other investigators (Stolpe 1927; 
Wassén 1965). 

Of the extant Maué snuff trays, the great majority are decorated 
with snakes. Approximately 22 carefully carved wooden snuff trays 
from the Maué region are preserved in museum collections in Europe 
and South America (Hartmann 1982a, 1982b; Phelps 1976; Serrano 
1941; Zerries 1988). The role of snakes as fathers or procreators of 
the Maué (Nimuendajú 1948a) might in part explain the great impor- 
tance of ophidian imagery in their snuff tablets. 

One of the snuff trays collected by Johann Natterer in Brazil (Plate 
58) features a round cavity, not common in Amazonian nor any other 
snuff tablets. The receptacle frame was decorated with a butterfly de- 
sign above and below the circular cavity. The handle is engraved with 
a low-relief carving of a butterfly and dragonfly joined together at the 
rear. The motif of the posteriorly united butterfly and dragonfly was 
connected by Claude Lévi-Strauss (1979) to a Tucuna tale, “The Er- 
rors of Cimidyué.” Through deceit and cunning, Cimidyué is aban- 
doned by her husband during a hunting expedition. She did not know 
the way home, and in her wanderings encountered a series of misad- 
ventures. She was held captive by a group of supernatural monkeys 
that in human form offered the hospitality of their hut. The next 
morning there was no hut and the monkeys had returned to their ani- 
mal form. The lord of the monkeys was a jaguar that could also mani- 
fest as a human being, and personally held her hostage. With the help 
of a tortoise, Cimidyué finally escaped her captors. She wandered in 
the forest, lost, until she arrived at a familiar valley where she fell 
asleep among the root buttresses of a large kapok tree. In the morning 
she was awakened by the lord of the tree, a blue butterfly, who was 
hungry for pineapples from the garden of Cimidyué's father. She fol- 
lowed the butterfly to a river. Then she. suddenly saw her father’s hut 
on the other side but was not strong enough to reach it unaided. The 
butterfly uttered a magic formula that transformed Cimidyué into a red 
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dragonfly; with the help of the butterfly both flew together to the 
other side. 

The structure of the story and its careful encoding of displacement 
and transformation essentially tells of passing from one realm to an- 
other. The resolution of the crisis occurred when Cimidyué encoun- 
tered an intermediary who allowed passage to her place of origin. The 
blue butterfly (Morpho menelaus), usually invested with evil conno- 
tations throughout the Amazon, reverses role and becomes the help- 
ful intermediary. The allusion to this tale on a snuffing implement sit- 
uates visionary plant preparations at the intersection between worlds; 
ecstatic agents acted as intermediaries so that human beings could 
contact the supernatural to cross the river, as expressed metaphori- 
cally in “The Errors of Cimidyué.” 

The Mura, neighbors of the Maué who occupied the area of the 
lower Madeira River, shared several aspects of this snuffing complex 
with the Maué. According to Curt Nimuendajú (1948b), who refers to 
Mura and Maué snuff powders by the generic term paricá, the seeds 
Of A. peregrina were pulverized and taken as a snuff or an enema. The 
snuff was blown into the nose by another via a long tube. This con- 
trasts with the Maué's method of self-administration employing Y- 
shaped or parallel bird bone tubes. Wassén (1972a: 6-7) quoted a rare 
passage from the work of the Brazilian explorer Joáo Barbosa Rod- 
rígues written ca. 1870, describing a puberty rite: 


Ripe seeds of paricá, Mimosa acacioides, are collected and 
crushed in a wooden mortar. During this process, and because of 
the oil they contain, a kind of dough is formed and therefore one 
adds ashes from the bark of wild cacao, Theobroma silvestre. 
Having been kneaded well, three-inch long cakes are formed 
which are put on a forked pin and dried by the fire. When dried, 
the material is again crushed in another mortar . . . and the pow- 
der is kept in a box of snail shell. . . . The feast starts with flagel- 
lation, by two Indians whipping each other. . . . Each man 
flagellates the other in turn. This ceremony sometimes goes on 
for six days depending on the number of young men who have 
attained majority. All those who have been flagellated take 
paricá either as a snuff or dissolved in water as a clyster. During 
the dancing the old women who have prepared the paricá either 
fill a bamboo tube with powder and give it to one of the dancers 
who places one end of the tube in one of the nostrils of a com- 
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rade and blows in the other end, or gives him a syringe of rubber 
filled with paricá in cold water to administer. 


Spix and Martius (1823-1831) had previously described a similar 
puberty rite of the Mura, which lasted several days and involved copi- 
ous use of fermented drinks and the snuffing of paricá. Rodrígues 
Ferreira described a similar feast of the Maué, ca. 1786 (Wassén 
1970). He labeled such events “great Paricá bacchanals,” which took 
place in a house known as a paricá house and constructed especially 
for this purpose. These ceremonial drinking and snuffing bouts began 
with the participants flogging each other in pairs. In Rodrígues 
Ferreira's narrative, the performance lasted eight days, accompanied 
by copious use of snuff. Safford (1916) also described a flagellation 
ritual by native groups of the Negro River. 


The Middle and Upper Amazon 


Western Amazonia and northeastern Peru lay outside the natural 
range of Anadenanthera species. On the other hand, reports by scientific 
observers (Koch-Grünberg 1909-1910; Métraux 1948b; Reichel-Dol- 
matoff 1944) suggest a probable, albeit scattered, use of Anadenanthera 
snuffs and enemas. This evidence is examined in a westward direc- 
tion to the drainage of the upper Amazon and its tributaries. 

The Catauixí (Katawishi) of the Purás River, a right-bank tributary 
to the Amazon west of the city of Manaus, were known to use both 
Anadenanthera clysters and snuffs. In 1851, Spruce (1970) pur- 
chased a set of snuff-taking implements used by the Catauixí. The 
most unique piece is a V-shaped bird bone tube. It consists of two 
pieces joined together at an angle that would allow one end to be 
placed in the nostril and the other in the mouth of the same individual. 
The powder was placed in the tube and forcibly blown into the nose. 
Spruce (1970, 2: 429) reported that Catauixí hunters administered 
paricá clysters to themselves and their hunting dogs “to clear their vi- 
sion and render them more alert!" The Piro of the upper Ucayali River 
also gave Anadenanthera to their dogs prior to hunting. The Piro are 
the most southerly Arawakan tribe for whom snuffing is known 
(Farabee 1922; Wassén 1965). The Piro also self-administered snuff 
by means of a V-shaped tube (Reis Altschul 1972; Steward and 
Métraux 1948; Wassén 1965). The source of the Piro snuff was most 
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probably Anadenanthera colubrina var. Cebil—the Piro area lies 
within the range of this taxon (Reis Altschul 1972). 

The Tuyuka and the Bará, Tucanoan groups of the Tiquié River, an 
affluent of the Vaupés, have also been reported to use Anadenanthera 
snuffs. This area lies well to the west of the range of this genus as de- 
scribed by Siri von Reis Altschul (1964, 1972); Uscátegui (1961) at- 
tributed Virola snuff to all Tucanoan groups. Reichel-Dolmatoff 
(1944) made brief mention of the Tuyuka in a discussion of groups 
utilizing Anadenanthera-based snuffs. The German explorer Theodor 
Koch-Grünberg (1909-1910) identified A. peregrina as the source of 
Tuyuka and Bará snuff powders. Thomas Whiffen (1915; see also 
Wassén 1965), in his pioneering work on the northwestern Amazon, 
stated that the Tuyuka and other groups north of the Japurá River use 
a snuff, which he labeled niopo, prepared from the dried seeds of a 
Mimosa. 

La Condamine (1778), in his expedition down the Amazon in 
1743, distinguished the use of two psychoactive plants by the Omagua, 
which he encountered at the mouth of the Napo River: 


One called by the Spaniards floripondio, with flowers shaped 
like a drooping bell, which has been described by Pere Feuillée; 
the other in the native vernacular called curupa, ground and 
roasted seeds, both of them purgatives. They cause inebriation 
lasting 24 hours, during which it is pretended that they have 
strange visions. The curupa is taken in the form of a powder, as 
we take tobacco, but with more apparatus. The Omaguas make 
use of a cane tube terminating in a fork, of Y-shaped form, each 
branch of which they insert into one of their nostrils. This opera- 
tion, followed by a violent inspiration, causes them to make di- 
verse grimaces. (translated from Safford 1916: 553) 


The curupa snuff was said to come from ground seeds and to be 
snuffed via Y-shaped tubes. La Condamine did not elaborate on the 
nature of curupa, but this term is used to designate Anadenanthera 
preparations in other areas (Métraux 1948b; Wassén 1965). Prior to 
La Condamine, the use of curupa had been mentioned by Father Fritz 
in 1699-1700 in the context of religious conflicts between Spanish 
soldiers and missionaries with the Omagua (Fritz 1922). 

Alfred Métraux (1947, 1948b) associated the curupa of the Omagua 
with Anadenanthera species in two of his works. He stated that the 
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Omagua made rubber syringes with a bone spout to administer pow- 
erful clysters of Anadenanthera seeds (Métraux 1947). Métraux told 
how Omaguan shamanic apprentices trained for a period of five or six 
months under the guidance of experienced shamans. Their training 
included fasting and use of tobacco and curupa, as well as a decoc- 
tion of Virola bark. This is one of the earliest mentions of the use of 
Virola as an ingredient of psychoactive preparations. 

The area of the upper Ucayali, Purús, Madeira, Guaporé, and 
Branco rivers of eastern Peru and western Brazil lies within the range 
of Anadenanthera colubrina var. Cebil (Reis Altschul 1964, 1972). 
The most intensive snuff use in this region is centered on the Guaporé 
River and its right-bank tributaries such as the Rio Branco. The snuff- 
ing of A. colubrina has been reported for the Arua, Macurap (Lévi- 
Strauss 1948), and Tupari (Caspar 1956). This is not a homogenous 
cultural area, and the right-bank tributaries of the Guaporé, such as 
the Branco and the Mequens, are bastions of Amazonian culture 
(Lévi-Strauss 1948). 

The Arua and the Macurap of the Rio Branco used a snuff com- 
posed of crushed angico (A. colubrina var. Cebil), tobacco, and 
ashes. The powder was inhaled through long tubes terminating in a 
nosepiece shaped like a bird’s head. Rio Branco shaman's equipment 
included, in addition to snuffing tubes, a snuff tray with a handle and 
a feathered stick (Lévi-Strauss 1948; Reis Altschul 1972). Other 
right-bank tribes of the Guaporé area were reported to use A. colu- 
brina preparations, but the information is scanty. The Guaratágaje, 
the Amniapá, and the Aikaná were mentioned in passing by several 
authors, but no salient details were given (Snethlage 1937; Wassén 
19672; Zerries 1964). 

The most detailed information regarding the use of A. colubrina 
snuffs in the Guaporé area refers to the Tupari. This Tupi-speaking 
group inhabited the area of the headwaters of the Machado (Gi- 
Paraná) River (Lévi-Strauss 1948). The Tupari prepared their snuff 
from roasted and powdered A. colubrina seeds mixed with ashes and 
tobacco; the snuff was known as aimpd (aimpé). The snuff-taking rit- 
uals usually began in the morning and lasted late into the afternoon, 
ordinarily taking place indoors. Snuffing equipment consisted of a 
temporary table made by hammering three sticks into the ground and 
placing a wide board atop them. A shaman's assistant would place 
two long snuffing tubes terminating in hollow nuts shaped like bird 
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heads on the table, with two snuff powder containers, a brush made 
from tail hairs of a giant anteater, and two cigars wrapped in corn 
husks (Caspar 1956; Wassén 1965). Caspar (1956) witnessed a series 
of three snuff-taking sessions conducted for the benefit of a child who 
had died the previous week. These rituals included offerings of food, 
and bracelets and other ornaments for the ears, nose, and lips of the 
deceased child. The Tupari also conducted snuffing rituals to dispel 
rain storms (Caspar 1956). 


THE SOUTHERN AMAZON BASIN PERIPHERY 


This area lies within the range of A. colubrina var. Cebil (Reis 
Altschul 1964) and includes the Matto Grosso of southwest Brazil, 
the Paraguay River basin, and the Gran Chaco. The Matto Grosso and 
the upper Paraguay River are not at all well known in this respect. The 
Bororo of the upper reaches of the Paraguay River and its tributaries 
seem to use A. colubrina preparations, but we possess practically no 
pertinent information. They refer to A. colubrina as akiri. This word 
means “white down” and it is applied to this tree because its flowers 
are said to resemble down. The Bororo call the Pleiades akiri-doge 
(doge is a pluralizer). These stars are used for calendrical calcula- 
tions. A possible correlation exists between the annual flowering cy- 
cle of A. colubrina and the annual sidereal cycle of the Pleiades 
(Fabian 1992). 


The Gran Chaco 


Evidence for the use of A. colubrina var. Cebil in the Gran Chaco is 
available since the early colonial period. Pedro Sotelo de Narvaez 
1965, 2: 395), in his Relación de las Provincias de Tucumán, written 
ca. 1583, mentioned use of cebil for the Comechingon and Zanavir- 
ona of the area north of Cordoba: “These people have few rituals, al- 
most like those from Santiago (del Estero). Azua (chicha) is not held 
in such high esteem as is done by the Peruvian Indians. By the nose 
they take sebil which is a fruit like vilca; it is powdered and drunk 
through the nose.” The identification of sebil as a fruit like vilca con- 
firms A. colubrina var. Cebil as the probable botanical source. This 
area is located at the southern limits of the distribution of this genus 
(Hunziker 1973) and is slightly south of the Chaco area. 
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In the early 1700s, the Jesuit priest Pedro Lozano (1941: 288) de- 
scribed the use of cebil by the Lule of the Chaco, north of Santiago 
del Estero: 


When water for the sown fields is desired they pray to the ances- 
tors, to summon the rain, and these having blown with a tube 
into the nose the pulverized seeds of a tree known as sevil in 
such a manner that they penetrate deeply, these powders are so 
potent, that it deprives them of their judgment, inebriated they 
begin to jump and bounce in an open space screaming and howl- 
ing, and singing with dissonant voices, to call the rain so they 
say, since it happens that sometimes it has rained during or after 
this enchantment, they firmly believe that by virtue of those 
prayers the rains have come. 


The use of snuff in ritual attempts to control the weather has already 
been discussed in relation to the Tunebo (Márquez 1979), and the 
Tupari (Caspar 1956). The Abipones of the Chaco, ca. 1784, were us- 
ing cebil bark for tanning leather. To achieve an intense state of ine- 
briation, they would tightly close their huts and set fire to cebil pods 
and seeds, and vigorously inhale their smoke through both mouth and 
nose (Dobritzhoffer 1967). A similar practice of collective fumatory 
inhalation was attributed to the Mbayá, a Chaquean tribe of the Para- 
guay River. The Mbayá and Guaraní of Paraguay referred to A. 
colubrina snuffs as kurupá (Pagés Larraya 1959; Pardal 1937). 


The Wichi (Mataco) 


The practice of snuffing and smoking seeds of A. colubrina var. 
Cebil has continued in the Chaco up to the present. Among the Wichi, 
also known as Mataco, cebil seeds are ingested during shamanic ritu- 
als (Alvarsson 1995; Califano 1976; Dasso 1985; Dijour 1933; Mé- 
traux 1939, 1946; Palavecino 1979). The Wichi inhabit the area of the 
Pilcomayo and Bermejo rivers (Alvarsson 1988). This area, known as 
the Chaco Central (Plate 59), is culturally and ecologically a transi- 
tional zone between the Amazon, the Pampas, and the Andes. Conse- 
quently, the Wichi share cultural traits with all of these regions. Reli- 
gious beliefs and shamanic practices are similar to those of Amazonia 
(Métraux 1946). Notable cultural differences exist between the nu- 
merous Wichi groups occupying this immense region. Wichi commu- 


86 Anadenanthera: Visionary Plant of Ancient South America 


nities are relatively isolated from one another and each accordingly 
has developed specific characteristics (Califano 1995). The shamanic 
use of A. colubrina var. Cebil seeds, known to the Wichi as hatáj 
(jatáj) or hatáj-ilé, is one trait shared by most communities. 

The profession of shaman or jayawú in Mataco can run in a family, 
but it is not strictly hereditary. When election occurs through a family 
member, this is indicated in the moments before her or his death (per- 
sonal observation; Califano 1976). A shaman might also be selected 
and initiated simultaneously by a type of supernatural being (ajdt) 
known as welán. The concept of welán could also be understood as a 
specific state of consciousness in which the shaman acquires the con- 
dition of aját (see Califano 1995). One notable difference between 
election by a related moribund shaman and spiritual election is that in 
the first type there is a brief delay between election and subsequent 
initiation (Califano 1976). Mario Califano (1976), in his comprehen- 
sive study of Wichi shamanism, mentioned the drinking of an Ana- 
denanthera-based potion in relation to shamanic initiation. This po- 
tion allowed the drinker, said to perceive herself or himself as purely 
of bone, to enter the spirit world (Califano 1976). Oral ingestion of a 
decoction of Anadenanthera seeds has been recorded for many di- 
verse cultures. The Guahibo prepared a drink called yaraque, which 
included yopo powder (Reis Altschul 1972). The addition of vilca to 
fermented drinks has been amply documented in the Peruvian Andes 
during the early colonial period (Cobo 1964; Ondegardo 1916). 
Iconographic evidence suggests, as previously discussed, that the 
Moche of the northern Peruvian coast drank an Anadenanthera- 
based potion. 

The problem of oral administration is a complex one. Psychoactive 
tryptamine alkaloids such as those found in Anadenanthera colu- 
brina var. Cebil are deaminated in the gut by the enzyme MAO; there- 
fore snuffing, smoking, and enemas are the most efficient means of 
administration. Bufotenine and 5-methoxy-DMT, unlike DMT, are 
both orally active. It is possible to render these tryptamines more ac- 
tive orally by adding admixture plants that contain B-carboline alka- 
loids (such as harmine and harmaline), and which have the effect of 
temporarily inhibiting activity of MAO (Ott 2001a). One such plant 
combination survives today in the Amazon under the names aya- 
huasca, caapí, and yagé. As formulated today, it consists of two basic 
plants: stems of the liana Banisteriopsis caapi (which contains har- 
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mine and harmaline) and DMT-containing leaves of the Rubiaceous 
shrub Psychotria viridis (see McKenna et al. 1986; Ott 1994) and 
other plants. The possibility that other pre-Columbian as well as 
postcontact cultures were able to prepare such a complex drug must 
be entertained. 

After the initiation, the shaman endured a period of learning sha- 
manic techniques and of handling ritual instruments. One key shamanic 
technology was preparation and ingestion of hatáj. Hatáj permitted 
voyages of the o-"nusék (soul, spirit), which was thus capable of be- 
ing separated from the body, a technique taught during the initiatory 
process (Califano 1976; see also Arenas 1992). The ingestion of hatáj 
allowed a prospective shaman to enter a state conducive to the learn- 
ing process. This might include spirit abduction, the spirit treating the 
shaman as he would then treat his future patients, and a period of soli- 
tude during which a rigorous fast was observed (Métraux 1946). The 
ingestion of the seeds of A. colubrina was invested with sacred con- 
notations, since these were seen as a doorway leading to shamanic 
journeying. Each seed purportedly possessed in its interior a super- 
natural entity that might transfer its potency or life force to a shaman. 
Ingestion of the seeds was generally reserved for serious, indeed 
grave, occasions. 

A Wichi tale told of the origins of the hatáj tree in the context of a 
cataclysmic fire that caused the destruction of the world, followed by 
its subsequent regeneration. Only three beings survived the fire: 
Tokjwáj, the chief of all shamans and the initiator of healing practices 
(Califano 1976), and Chuña and Icanchu, his two avian familiars. All 
escaped the fire by running to the hills and seeking refuge in a cave. 
After the fires had subsided Tokjwáj decided to stay, but his two com- 
panions wished to return to their places of origin. Tokjwáj told them 
that it would be very difficult to find the place where they had lived 
before the fire, but, were they to follow his instructions, they should 
be able to locate it. After much traveling, they at length found the 
place where they had lived before the fire. All the trees had been 
burned and hence there was neither food nor shade. Icanchu started 
digging, but all he could find was charcoal. He began to dance and 
beat on a piece of charcoal as if it were a drum. He danced and played 
all day, and soon observed that a shoot was sprouting from the 
scorched earth. He continued dancing and playing his charcoal drum, 
until the shoot became a larger branch. Icanchu kept on playing and 
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dancing until the tree grew large and strong. He soon noticed that ev- 
ery branch was in fact a different tree. Icanchu began to throw rocks at 
the tree to break its branches, and as the branches sundered and fell to 
earth different trees sprouted from each of them. After every branch 
had fallen, the hatáj tree grew from the center. In this way the regen- 
eration of the world was achieved (Barabas and Bartolomé 1979). 
Among the Wichi of the area of General Mosconi in the western 
Chaco Central, cebil seeds are collected once yearly, during the 
month of August, then prepared as needed. The preparation follows a 
very simple procedure: the roasted seeds are ground in a mortar until 
they become a coarse powder. The shaman might snuff this powder, 
or mix it with tobacco and smoke it in a pipe or as a cigar. Califano 
(1976) stated that pipes were most frequently used during lengthy 
nocturnal sessions, when several jayawú get ready to deal with a diffi- 
cult case. It should also be noted in reference to admixture plants that 
Wichi shamans combine chewing of coca leaves with snuffing or 
smoking. No clear references to dosage are found in the literature 
on Wichi shamanism. Personal observations indicate that 8 to 10 
seeds are used when mixed with tobacco and smoked as a small cigar. 
This seems to be strong enough, inasmuch as the shaman generally 
smokes only half of the cigar. The effects last for approximately two 
hours, and the shaman might smoke a second time during the same 
session. There are other uses of cebil by the Wichi. The bark, which 
has a high tannin content, is used as a dye for leather and fibers. A de- 
coction of the bark is also used to treat gastric ailments (Alvarsson 
1995; Koschitzky 1992; see also Mell 1930). The Wichi also wash 
their head with a decoction of leaves and pods to treat headaches. 
Three broad categories of Wichi shamanic activity can be distin- 
guished: (1) in curing the sick individual; (2) for the benefit and 
protection of the community (weather control, to forestall or dispel 
famines, epidemics, supernatural dangers); and (3) in oracular or 
divinatory activities (Califano 1976; Dasso 1985; Métraux 1946). 
Disease is allegedly caused by the magical intrusion of an object or 
animal into a person, or by loss of the soul. Soul loss as a cause of ill- 
ness is seen by Métraux (1946) as one of the Andean traits present in 
the Chaco. Pathogenic substances can supposedly be introduced by 
spirits acting independently or through the will of a shaman. The in- 
gestion of hatáj gives a shaman the capacity to visualize and remove 
these intrusive pathogenic objects. In addition, it also allows the sepa- 
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ration of the o- 'nusék (soul) and the acquisition of animal characteris- 
tics during the shamanic journey, thereby facilitating retrieval of a 
lost soul. Animal transformation, usually into a bird or a jaguar 
(Califano 1976; Métraux 1946), is a characteristic shared with Ama- 
zonian shamanism. Califano (1976) related how, under the influence 
of the snuff, a shaman vigorously played a flute made from the leg 
bone of a yulo bird (Tantalus cristatus). His soul (o-"nusék) trans- 
formed into a bird, then separated from his body to accomplish his 
goal. When travels of the o-’nusék are not aided by the bird bone 
flute, the shaman might beat his chest with the wings of a hawk. The 
wings extract the o-'nusék from his body and fling it into the airto ini- 
tiate its travels (Califano 1976). Curing sessions always take place at 
night and could last several nights depending on the complexity of the 
situation. Private sessions among several shamans might take place, 
especially when dealing with issues of concern to the whole commu- 
nity (see also Palavecino 1979). Wichi shamanism represents the last 
vestiges of ancient south central Andean and Amazonian Anadenan- 
thera use. 

The preceding sections have provided a historical and cultural 
study of the use of Anadenanthera, not only as shamanic inebriant, 
but also as a contributor to the development of South American native 
ideologies. Use of its roasted seeds as an ingredient in snuffs, enemas, 
fumatories, and potions for several millennia attest to its cultural sig- 
nificance and efficacy. To achieve a more comprehensive understand- 
ing of this genus and of its effects on human affairs, the next two 
chapters discuss chemical and pharmacological aspects. These chap- 
ters include extensive discussion of the active constituents of vision- 
ary preparations derived from its seeds. 
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Chapter 4 


The Chemistry of the Genus 
Anadenanthera 


CHEMICAL MAKEUP AND COMMERCIAL USES 
OF ANADENANTHERA 


Our knowledge of Anadenanthera chemistry is extensive, reflec- 
tive of nearly a century of contemporary economic interest and some 
200 years of scientific interest. Of course, New World human in- 
volvement with Anadenanthera and the closely allied genus Pipta- 
denia is at least 4000 years old. Anadenanthera species, both wild 
and cultivated, are sources of timber for milling lumber, of dyestuffs 
for the textile industry, of tannins for leather curing, and of pulp for 
paper production. In addition, Anadenanthera and related species of 
Piptadenia have served as sources of an adhesive and medicinal agent 
known as angico gum. Various medicinal properties ascribed to an- 
gico gum include the treatment of respiratory infections such as 
pneumonia and bronchitis (Le Cointe 1947), use as an abortifacient 
(Hieronymus 1882), and use as snuff to cure constipation and head- 
aches (Hoehne 1939). However, one of the most interesting aspects of 
the genus has been its role in the manufacture of various drug prepa- 
rations used in traditional healing practices throughout South Amer- 
ica and the Caribbean. 

A comprehensive review of the chemistry of any genus must take 
into consideration the interdisciplinary nature of the study. For exam- 
ple, any attempt to correlate the reported chemistry of certain genera 
and species must account for botanical synonymy. Benson (1959: 
664) defined synonymy as follows: “A name which is not used be- 
cause one applied earlier designates the same plant or because the 
same name was used earlier for a different plant.” Synonymy there- 
fore refers to the series of names applied to a single taxon. Occasional 
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discarding of names occurs when botanists revise generic taxonomic 
concepts and/or regroup or separate previously recognized taxa. Al- 
though the genus Piptadenia Bentham was established in 1841, nu- 
merous additions and revisions have occurred since then. The four 
species of Anadenanthera Speg., with which this monograph is 
mainly concerned, were once part of the genus Piptadenia Benth. In 
this chapter, botanical names cited in the chemical literature were re- 
tained in order to afford historical continuity. Synonymy with one of 
the four species of Anadenanthera is indicated in brackets (see also 
Appendix to Chapter 1). 

The use of natural products in commerce was still quite prevalent 
at the beginning of the twentieth century. Practiced for centuries, the 
art and science of tanning and dyeing of leather led to extensive re- 
search in all corners of the world for sources of tanning agents. The 
quest for new sources of tannins from tropical forests grew in the early 
to mid-twentieth century as northern, temperate forests were exten- 
sively logged. Several South American species of the genus Pipta- 
denia were among the tropical trees that were investigated as sources 
of tannins and dyes. Among these species were Piptadenia rigida, P. 
peregrina, P. macrocarpa, and P. speciosa, known generically as 
angicos. Generally, the bark served as the organ richest in tannin; 
however, with the leguminous trees, seed pods could also be used. A 
mid-twentieth-century study from Brazil reported a tannin content 
from P. rigida bark of 15.0 percent (Primo 1945). 

In an extensive study of the trees of Argentina, Prado and Ricci 
(1956) reported the percentage of tannins in the bark of P. rigida to bé 
16.85 percent and that of P. macrocarpa to be 15.38 percent. The seed 
pods of P. macrocarpa contained a lesser amount, 3.0 percent, the 
heartwood of the same species 1.8 percent. 

Trease and Evans (1971: 146) gave the following definition of tan- 
nin: “The term tannin was first applied in 1796 to denote substances 
present in plant extracts which were able to combine with protein of 
animal hides, prevent their putrefaction, and convert them into 
leather” The quantitative test for tannins in water-soluble extracts of 
plants consists of absorption on “standard hide powder,” which is 
then weighed. Tannins are polymeric substances with a molecular 
weight between 1000 and 5000 mass units. Two types of “true” tan- 
nins are known, those containing linked monomers and dimers of ei- 
ther gallic acid or ellagic acid, known as “hydrolyzable tannins,” and 
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“condensed tannins” consisting of catechins and flavan-3,4-diols. 
Using the powdered leather method in a study of tropical tannins, 
Doat (1978) suggested that the tannins of tropical woods were of the 
condensed tannin class, that is, “of a catechic nature.” 

Often dyestuffs for leather were also obtained from the same plant 
sources as tannins, as reported by Mell (1930: 754). Mell’s work is 
unusual for its day, since it contained a rather thorough description of 
both habit and habitat of Piptadenia peregrina. What follows are ex- 
cerpts from this study: 


The outer corky layer [of the bark], which is designed by nature 
to serve as a nonconductor of heat and moisture, is exceedingly 
rough having very conspicuous, short, irregular ridges or persis- 
tent conical projections. The external appearance varies from a 
dark-grayish brown to a dark reddish shade depending upon the 
degree of exposure to the direct rays of the sun or to the drying 
wind. (Mell 1930: 754) 


Mell further states: 


Few other kinds of tropical trees develop such a thick, coarse 
bark as the species of Piptadenia under review, which is known 
to grow pretty generally throughout the West Indian Islands and 
in many parts of the mainland from Guatemala southward to 
Brazil. . . . The bark of this species [P. peregrina] is highly es- 
teemed for tanning and dyeing leather wherever the tree grows. 
... Moreover, the dyeing qualities are claimed to be superior to 
that of mangrove bark and of the wood of quebracho. (Mell 
1930: 754) 


Perhaps as an echo of the past, Mell (1930: 754) states, “The fact is 
that the Piptadenia species are so closely related to the species of 
other genera of the family that it is often quite difficult to say just 
where they belong.” 

Tannins were also used in the preparation of medicines, most nota- 
bly quinine tannate as a non-bitter-tasting preparation of the antima- 
larial drug quinine. Wassicky (1944: 266) of Sao Paulo reported, 
“Quinine tannate is not bitter but tasteless or nearly so, depending on 
the kind of tannin used. . . . Tannins from the barks of the Brazilian 
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tree(s) . . . Piptadenia speciosa . . . were as satisfactory as imported 
tannin." 

Prior to the advent of the modern chemical age, various members 
of the Leguminosae were used throughout the world as sources of 
mucilages and adhesives. The best known of these adhesive prepara- 
tions is gum arabic, extracted from Acacia senegal Willd. Gum arabic 
has been known since the seventeenth century B.C., first described by 
Theophrastus (Trease and Evans 1971) as a product of upper Egypt. 
Five types of the closely related angico gum are known from twenti- 
eth-century South America. These types and their properties and uses 
were described by Rangel (1943: 16): 


Angico branco [white angico]—Piptadenia colubrina Benth. 
or Acacia colubrina M.—also known as cambui. 

Angico do campo [wild angico]—Piptadenia macrocarpa 
Benth. Or Acacia grata Willd.—also called arapiraca or 
curupái. 

Angico Roxo [red angico|—Piptadenia cebil Griseb. 

Angico verdadeiro [genuine angico]—Piptadenia rigida Benth. 
Or Acacia angico M.—also known as angico amarelho and 
paricá. (Emphasis ours). 

Angico vermelho [red angico]—This also refers to the spe- 
cies P. rigida Benth. 


Angico gums were also used as medicines for the treatment of respi- 
ratory illnesses such as bronchitis. The chemistry of angico gum was 
studied by Rosenthal (1955). Figure 4.1 shows the monosaccharides 
derived from the acidic hydrolysate of the gum. 

Other economic uses for several species of Piptadenia and Ana- 
denanthera have been suggested and some have been implemented 
with limited success. The Zona da Matas region of Minas Gerais 
State, Brazil, comprises an area of some 55,000 square kilometers. 
Although, as its name suggests, it was originally covered with forests, 
as of 1972, only 10 percent of the region was still forested (Gomide et 
al. 1972). During the nineteenth century, much of the forest was re- 
moved in order to establish coffee plantations. The steep slopes of 
this mountainous region make it unsuitable for general agricultural 
use, and much of the area has since undergone extensive erosion. The 
government of Brazil has commissioned studies of the possibility of 
making the region a forest zone once again. Any such reforestation 
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FIGURE 4.1. Monosaccharides derived from saponification of angico gum. 
Source: After Rosenthal 1955. 


project must take into account the potential profitability of such an 
undertaking. 

Of the eight major species that originally made up the forests of the 
Zona da Matas, three are of interest here: the previously mentioned 
angico vermelho (Piptadenia rigida), angico branco (Anadenanthera 
colubrina), and the related species jacare (Piptadenia communis). 
Angico branco is the only one of these three that has been used com- 
mercially in pulp production for the manufacture of paper. Study of 
the possible use of these species in the production of paper pulp dem- 
onstrated that angico vermelho produced a pulp yield that was com- 
parable to the control species (Eucalyptus saligna), and jacare pro- 
duced the highest yield (Gomide et al. 1972). Characteristics such as 
flexibility, intrinsic fiber strength, bursting strength, density, tensile 
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strength, and tear factor indicated that while the species in question 
could be used to prepare paper pulp, their overall quality was not as 
good as that of Eucalyptus saligna, although jacare, which produced 
a good yield (of growth) per hectare was suitable for the production 
of pulp where low density was desired. A related study (Marques de 
Melo et al. 1971) determined the cellulose, lignin, pentosan, and ash 
content that would be required to use various tropical trees in the pro- 
duction of paper pulp. 

Species of Piptadenia and Anadenanthera were used throughout 
the twentieth century for lumber and other wood products. An early 
study by Record and Mell (1924) described the useful properties of 
Piptadenia rigida and of curupáy, an Argentine species then of un- 
known identity. Describing the general properties of the wood of P. 
rigida, these authors stated: 


Color rather pale reddish-brown; fairly lustrous; mahogany- 
like. Sapwood thick, pinkish gray; distinct but not very sharply 
defined. Odor and taste absent or not distinctive. Hard and 
heavy. Specific gravity (air dry) 0.95. Weight about 59 pounds 
per cubic foot. . . . Wood fairly easy to work, finishes smoothly, 
takes a high polish, appears durable. (Record and Mell 1924: 
221) 


Of curupáy: 


Its principal source seems to be the lowland forests of Paraguay. 
... itis said to be a large tree and fairly abundant. . . . It also oc- 
curs in parts of southern Brazil. The timber enters the market in 
the form of squared logs, and it is used for all sorts of heavy du- 
rable construction. . . . It is too hard, however, for furniture and 
general carpentry, though of beautiful figure and color and tak- 
ing a high polish. (Record and Mell 1924: 221) 


The wood of this species was easily distinguished from that of P. 
rigida by a deeper red color and black markings and a greasy feel. 
Later, Tortorelli (1948) conducted a thorough study of the xylo- 
technology and forestry aspects of four species of Piptadenia (P. 
macrocarpa Benth. [Anadenanthera colubrina (Vell.) Brenan var. 
Cebil], P. excelsa [Gris.] Lillo, P. rigida Benth., and P. paraguayensis 
[Benth.] Lindm.), which were considered to be the principal species 
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of the genus growing in northern Argentina. This work described the 
macroscopic properties and wood anatomy (both gross and minute), 
as well as the uses of the wood, and various timber and forest charac- 
teristics such as the merchantable volumes in cubic meters per hect- 
are, average diameter, and percentage of diseased trees. In addition, 
this study included a botanical key to the four species as well as the 
range, habit, and habitat of the species. Tortorelli here applied the 
names cebil colorado and curupay to signify A. colubrina, and Horco 
Cebil to designate P. excelsa. Tortorelli (1948: 1) emphasized the im- 
portance of the genus to the Argentine economy: “[T]he woods of the 
species which make up the genus are very valuable and also because 
the tree can be reproduced easily, either naturally or artificially.” An 
interesting use of the wood was said to be in the cooperage industry: 
“[W]ine bottled with shavings and with chips of Cebil Colorado for 
two years had a darker color than the control specimen. . . . No differ- 
ences were noticed in the odor; the taste was slightly bitter" (Tortor- 
elli 1948: 10). Tortorelli reported that in 1946, five tons of wood of 
cebil colorado were removed from public forests and 962 tons from 
private forests in the Misiones region. 

Ten years later, Brazier (1958) updated this study with the timber 
anatomy of the species of the newly created genus Anadenanthera 
Brenan (see Chapter 1). This study was undertaken to determine 
whether the genera established by Brenan could be distinguished on 
the basis of their wood anatomy. Brazier (1958: 49) concluded that al- 
though the color, texture, and weight of the woods of species of 
Anadenanthera were similar to those of Piptadenia rigida, anatomi- 
cally the timbers of the two genera were “readily distinguishable on 
ray width, the rays in P. rigida being mainly bi- or occasionally triser- 
ate whereas in Anadenanthera they are typically four and occasion- 
ally more cells wide.” 

As recently as 1976, active logging of Anadenanthera colubrina 
was reported in Argentina. The company Celulosa Argentina pub- 
lished a short account (Libro del árbol 1976) of the characteristics 
and uses of the logged species. Uses included naval construction (ca- 
noes and barges) since the angles and curvatures of the tree were so 
well suited to the formation of hulls and braces. General construction 
purposes included fence posts, telephone poles, piles and piers, win- 
dow and door frames, and as floors and platforms of railway cars. 
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Lumber from. colubrina has also been exported from Argentina. 
It is used in Japan as a fancy sliced veneer because of its light color 
and distinctive black stripes. Variations in wood color are artificially 
produced by irradiation of the timber with ultraviolet light. This dark- 
ens the wood considerably and care must be taken to limit the expo- 
sure to ultraviolet rays since the longer the irradiation time, the less is 
its decorative value. In an attempt to provide a quantitative measure 
of this ultraviolet-irradiated darkening process, Miyauchi et al. (1976) 
reported the results of a chemical analysis of the heartwood of 
Piptadenia macrocarpa (A. colubrina). Figure 4.2 gives the chemical 
structures of the compounds obtained from chromatography of both a 
hexane and an ether extract. It was concluded that the photo-induced 
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FIGURE 4.2. Neoflavanoids, steroids, and triterpenoids from Anadenanthera. 
Source: After Miyauchi et al. 1976. 
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color change was strongly influenced by these wood extractives 
(Miyauchi et al. 1976). 

A number of other nonalkaloidal constituents have been reported 
to occur in species of Anadenanthera. Paris and colleagues (1967) 
isolated four C-flavanosides from the leaves of P. peregrina Benth. 
(Figure 4.3). These were the B-D-glucopyranosyl derivatives of 2- 
(mono- and di-hydroxy-phenyl)-5,7-dihydroxy-AH-1-benzopyran-4- 
one. Orientin and vitexin differ from homoorientin and homovitexin 
by the position of the carbon-carbon linkage of the sugar moiety to 
the aglycone, the former at carbon 8, the latter at carbon 6. Vitexin 
was the first C-flavanone to be isolated from natural sources. Of little 
use in chemotaxonomy or chemical systematics (the use of chemical 
constituents as taxonomic characters), convergent formation of these 
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FIGURE 4.3. C-flavanosides found in Anadenanthera. Source: After Paris et al. 
1967. 
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flavanoid C-glycosides is indicated by their detection in at least 18 
unrelated families scattered throughout the plant kingdom, including 
ferns and monocotyledons (Trease and Evans 1971). Another such 
study (Plouvier 1962) attempted to relate the distribution of the 
cyclitols L-inositol, D-pinitol, L-quebrachitol, L-bornesitol, and D- 
ononitol to the chemotaxonomy of 27 families of the Leguminosae, 
including species of Piptadenia. 

Krauss and Reinbothe (1973) published a major work aimed at es- 
tablishing the connection of chemical markers to botanical taxonomy 
in one leguminous family, the Mimosaceae. They studied the occur- 
rence of 20 rare amino acids (also called nonprotein amino acids) in 
104 species of 40 genera of this family. Five of these amino acids 
(Figure 4.4) were detected in several species of Anadenanthera and 
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FIGURE 4.4. Rare amino acids from Anadenanthera. Source: After Krauss and 
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Piptadenia. They used the botanical classifications published by 
Hutchinson (1964) and Bentham (1874-1875) as the basis for com- 
parison of their results with the (then) known taxonomy. They placed 
A. macrocarpa in the section Mimosae and Piptadenia macrocarpa 
and P. excelsa in section Adenantherae. In this study, both species of 
Piptadenia differ from Anadenanthera based upon the occurrence of 
the sulfur-containing compounds djenkolic acid and acetyl-djenkolic 
acid, and pipecolic acid and 5-hydroxypipecolic acid in the latter, and 
by the occurrence of larger amounts of 4-hydroxypipecolic acid in 
the former. However, both A. macrocarpa and P. macrocarpa differ 
from P. excelsa by the presence of a large quantity of an unknown 
amino acid. 

In the same year, Reis Altschul (1964) published a revision of the 
genus Anadenanthera Brenan in which she placed P. macrocarpa 
Benth. and A. macrocarpa (Benth.) Brenan in synonomy with the 
newly created taxon Anadenanthera colubrina (Vell.) Brenan var. 
Cebil. One is then left with the dilemma of how to explain apparent 
chemical differences in the same species. Even so, studies such as the 
one by Krauss and Reinbothe (1973) are very useful because they 
serve to enlarge the knowledge of the natural occurrence of diverse 
chemical substances. However, Trease and Evans (1971: 242) point 
out, “As more information becomes available it is increasingly evi- 
dent that there is no simple application of comparative phytochem- 
istry to taxonomy and most modern authors are extremely cautious in 
their interpretations of data.” 

The largest and most thoroughly studied group of chemical com- 
pounds found in species of Anadenanthera and Piptadenia are the 
alkaloids, nitrogen-containing substances that have basic (as dis- 
tinguished from acidic) properties (hence the name alkaloid—alkali- 
like). The term alkaloid is of broad meaning and refers to chemical 
compounds containing one or more nitrogen atoms either in a hetero- 
cyclic ring or on an isolated side chain (Trease and Evans 1971). 
Since 1967, over 1100 studies have been published dealing with vari- 
ous aspects of the major alkaloids of Anadenanthera. The largest 
number of these concern two areas of study: chemistry and pharma- 
cology. These attest to a single fascinating aspect of these chemicals: 
their ability to produce intriguing and profound effects in a variety of 
test animals, including human beings. Although it is true that many 
alkaloids are known to exert powerful pharmacological effects, some- 
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times in very small doses (strychnine, morphine, atropine, histrionico- 
toxin, for example), up to and including death, the Anadenanthera al- 
kaloids belong to that peculiar pharmacological niche known as 
hallucinogens. There have been many attempts to capture the nature 
of the effects of these materials with a single descriptive word (e.g., 
psychedelic, psychotomimetic, psychodesleptic, entheogenic). A dis- 
cussion of this is beyond the scope of this work. The reader is referred 
to the works of Hoffer and Osmond (1967), Brimblecombe and 
Pinder (1975), Schultes and Hofmann (1980), and Ott (1994, 1996). 
The preface from Hoffer and Osmond (1967: v) succinctly captures 
the nature of research with the hallucinogens: 


The use of hallucinogens has been described as one of the major 
advances of this century. There is little doubt that they have had 
a massive impact upon psychiatry and may produce marked 
changes in our society. The violent reaction for and against the 
hallucinogens suggests that, even if these compounds are not 
universally understood and approved of, they will neither be for- 
gotten nor neglected. 


The first systematic combined chemical and pharmacological study 
of yopo snuff (presumably from A. peregrina Benth. collected in Co- 
lombia) was that of Henker and Huston (1950). They utilized simple 
precipitation and colorimetric tests to ascertain the nature of the ac- 
tive principles contained in a hot aqueous extract of the snuff. Phar- 
macological examination, both in vitro and in vivo, was fairly sophis- 
ticated for its day, demonstrating an inhibition of the ciliary action of 
frog esophagus tissue and a depression of heart rate upon injection 
into a pithed frog. Central nervous system depression was observed 
after intraperitoneal injection of a sublethal dose into rats; a marked 
analgesic effect was noted. These researchers concluded that the ac- 
tive principles were apparently not alkaloidal, but could be saponins. 

A rather curious study of yopo was published in Italy several years 
later by Stagno d'Alcontres and Cuzzocrea (1956-1957). Utilizing 
both aqueous and alcoholic extracts of A. peregrina snuff from Vene- 
zuela, these workers used precipitation tests and colorimetric reac- 
tions to follow the course of their extractions. They employed a now- 
classic alkaloidal enrichment procedure, which involved partitioning 
of the concentrated crude alcoholic extract between aqueous dilute 
hydrochloric acid and chloroform followed by precipitation of the al- 
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kaloids from the aqueous layer with alkali and re-extraction with 
chloroform. Using paper chromatography, ultraviolet spectroscopy, 
and electrophoresis techniques, they tentatively reported that the active 
principles were the dimeric strychnine-related alkaloids C-calebas- 
sine, C-curarine, C-calebassinine, and C-alkaloid D. The presence of 
these compounds has never been verified by other investigators. 
However, consideration must be given to these workers since less 
than a gram of material was available for study. 

However, two years earlier, Stromberg (1954), working at the Na- 
tional Heart Institute, Bethesda, Maryland, had reported the first iso- 
lation of bufotenine (5-hydroxy-N,N-dimethyltryptamine; Figure 4.5) 
from the seeds of A. peregrina Benth. collected in Puerto Rico. From 
nearly 900 g of ground material, Stromberg isolated 4 g of crystalline 
bufotenine free base, representing 0.44 percent yield. Positive identi- 
fication of the compound was made by ultraviolet and infrared spec- 
trometry and by comparison of the melting points of derivatives such 
as picrate and methiodide with those of an authentic, synthetically 
prepared sample. The synthetic sample was provided by Dr. M. E. 
Speeter of Upjohn, using technology that he had recently published 
(Speeter and Anthony 1954). 

The following year, Fish, Johnson, and Horning (1955) confirmed 
the finding of bufotenine in seeds of A. peregrina (L.) Benth. from the 
same material analyzed by Stromberg. In addition, the alkaloidal con- 
stituents of two other species and several other collections of A. 
peregrina from Puerto Rico and Brazil were examined for the first 
time. These were samples of P. macrocarpa Benth. (A. colubrina) 
from Brazil and Florida and P. paniculata Benth. from Brazil. Leaves, 
bark, seeds, and pods were extracted. This study was important for 
several reasons: First, additional chemical compounds were isolated 
and identified, including the first isolation of N,N-dimethyltryp- 
tamine (DMT), its N-oxide, and bufotenine N-oxide (Figure 4.5). Sec- 
ond, this study established a connection between the suggested source 
of the snuff and the snuff itself. These investigators compared the 
chemical findings of their "synthetically" prepared snuff, using the 
descriptions of Humboldt and Bonpland (1971) and Spruce (1970), 
to a snuff contained in a Piaroa snuff box from the Smithsonian Insti- 
tution. Third, the distribution of the alkaloids between different plant 
organs was not the same. Only DMT was found in the pods, while 
bufotenine, its N-oxide, and DMT N-oxide were confined to the 
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FIGURE 4.5. Indole alkaloids reported to occur in Anadenanthera species. 


seeds. Last, these authors speculated on questions of comparative 
biochemistry and metabolic pathways and stated: 


The presence of bufotenine in such varied sources as Piptadenia 
seeds, toads, certain mushrooms and human urine indicates a 
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ubiquitous nature. This compound is evidently associated with 
serotonin as a product of tryptophan metabolism, but its meta- 
bolic route of synthesis and its function are unknown. (Fish, 
Johnson, and Horning 1955: 5893) 


Stimulated by the finding of DMT N-oxide in nature, Fish et al. 
(1956) studied the tertiary amine oxide rearrangement as a model for 
biological N-dealkylation. 

Before the close of the decade, bufotenine was isolated in 2.1 per- 
cent yield from the extraction of more than 2 kg of seeds of A. 
colubrina (Vell.) Benth. from Rio de Janeiro, Brazil (Pachter et al. 
1959). This study incidentally also suggested the identity of DMT 
with the previously isolated alkaloid “nigerine” found in the Brazil- 
ian preparation known as vinho da jurema (wine of jurema). The 
source of this drink was identified as Mimosa hostilis Benth. (Gon- 
calves de Lima 1946). DMT had also been isolated from the species 
Prestonia amazonica (Hochstein and Paradies 1957; for additional 
plant sources of DMT, see Raffauf 1970; Ott 1996; Shulgin and 
Shulgin 1997). 

The 1960s witnessed a global flurry of scientific inquiry into the 
many aspects of the visionary Anadenanthera snuffs, including ar- 
chaeological, anthropological, pharmacological, psychiatric, and chemi- 
cal. Other investigators verified the presence of these alkaloids in 
Piptadenia-Anadenanthera species. Giesbrecht (1960) isolated bufo- 
tenine from the seeds of Piptadenia falcata (A. peregrina var. falcata) 
Benth. The number of alkaloids present in A. peregrina Benth. was 
expanded when Legler and Tschesche (1963) reported the isolation of 
5-methoxy-N, N-dimethyltryptamine (0.64 percent yield), 5-methoxy- 
N-monomethyltryptamine (0.4 percent), and N-methyltryptamine (0.4 
percent yield) along with N,N-dimethyltryptamine and bufotenine 
from the bark of material collected in Brazil. This study was unusual 
because of its quantitative nature and attention to detail. These authors 
also commented on the possible biochemical pathways by which 
such compounds could arise and suggested that perhaps specific en- 
zyme systems existed in plants that could convert the monomethyl 
derivatives into dimethyl compounds. The compound 5-methoxy- 
DMT had previously been isolated from the Brazilian tree Dictyloma 
incanescens D.C. (Pachter et al. 1959) and 5-methoxy-N-monometh- 
yltryptamine had been obtained from a member of the Gramineae or 
grass family, Phalaris arundinacea L. (Wilkinson 1958). 
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Iacobucci and Ruveda (1964) examined five species of Piptadenia 
native to Argentina. They used paper chromatography to follow the 
course of their extractions and ultraviolet and infrared spectroscopy 
as well as melting points and mixed melting points to identify the al- 
kaloids found. In this study, P. macrocarpa Benth. (A. colubrina var. 
Cebil) was found to be the richest in total alkaloid content and in the 
number of compounds present in different parts of the plant. Bufo- 
tenine and N,N-dimethyltryptamine were found both in seeds and 
seed pods; bufotenine N-oxide was found in the seeds. The bark 
yielded 0.1 percent 5-methoxy-N-monomethyltryptamine. This was 
the only compound for which these authors reported an actual iso- 
lated yield. The concentration of bufotenine must have been fairly 
high, however, as it was isolated as the crystalline free base directly 
from the basic extract. This paper was of further importance because 
for the first time, a species of Piptadenia not considered in synonymy 
with the four species of the genus Anadenanthera was found to con- 
tain alkaloids (Figure 4.6). 

From the seeds of P. excelsa (Gris.) Lillo (horco cebil), bufotenine 
and its N-oxide were detected by paper chromatography and bufote- 
nine was actually isolated. Although no yield was given, the amount 
of bufotenine found was “much lower than from the seeds of P. 
macrocarpa” (Iacobucci and Ruveda 1964: 217). N, N-dimethyltryp- 
tamine was detected in the seed pods of P. excelsa. A quaternary alka- 
loid of undetermined structure had been reported from the bark of this 
species by Stucker and Paya (1938). The three other species, P. 
paraguayensis (Benth.) Lindm., P. rigida (Benth.) (syn. angico ver- 
melho), and P. viridiflora (Kunth.) Benth., were found to be alkaloid 
negative, although paper chromatography revealed a single com- 
pound that gave a positive "test" (no reagents were specified) for a 
nonindolic alkaloid being present in the bark of P. paraguayensis. 
These authors also commented on the “isomorphic” nature of crystal- 
line bufotenine free base, that is, different crystalline forms having 
different melting points. The original isolated material crystallized 
from ethyl acetate and had the melting point 123-124?C. A synthetic 
sample of bufotenine had a melting point of 146-147?C. When the 
natural isolated material was again recrystallized with seeding of the 
synthetic material the melting point was raised to 146-147°C. 
The higher-melting (“more stable") form could not be reconverted to 
the lower-melting form. 
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Marini-Bettólo and co-workers (1964) conducted a chemical anal- 
ysis of epéna (ebene) snuff from the Yanomamó of the upper Rio 
Orinoco, Brazil. Using column chromatography on alumina, these 
workers isolated 1.0 percent bufotenine, 0.13 percent N, N-dimethyl- 
tryptamine, and smaller quantities of their respective N-oxides from a 
dilute acetic acid extraction of a 33 g snuff sample. The source of the 
snuff was not identified but was said to be from a tree, a member of 
the leguminosae (Marini-Bettólo et al. 1964). In the same issue of the 
journal Annali di Chimica, the same workers (Biocca et al. 1964) re- 
ported the results of a study of a liana used as the source of paricá 
snuff obtained from shamans of a Tukanoan tribe of the Vaupés River 
region of the Amazon. On the basis of chromatographic evidence, 
melting points, and ultraviolet spectroscopy, the structures of the iso- 
lated alkaloids were determined to be harmine, harmaline (dihydro- 
harmine), and tetrahydroharmine. The liana was identified as belong- 
ing to the family Malpighiaceae, probably the genus Banisteriopsis. 

The next year, Holmstedt (1965) published a significant study of 
epéna snuff collected four years earlier by George J. Seitz from the 
Waika (Yanomamó) tribe of the Negro River region of northwestern 
Brazil. This research included the use of analytical and preparative 
paper chromatography, silica gel thin-layer chromatography, and 
both activation and fluorescence spectrophotofluorometry. In addi- 
tion, a pharmacological assay (Vane 1959; Barlow and Khan 1959a, 
1959b) was used as an aid to structure determination. The ability of a 
compound to cause contraction of a rat gastric fundus strip prepara- 
tion was used as a measure of serotonin-like (5-hydroxy-tryptamine) 
activity. In this assay, activity of bufotenine relative to 5-methoxy- 
DMT could be determined when the log of the concentration of re- 
spective drug was plotted against the amount of contraction of the 
strip. Isolation steps were followed with the use of colorimetric tests 
with Erlich's reagent (4-dimethylaminobenzaldehyde). 

Since complete separation of the individual alkaloidal components 
could not be achieved by either paper or thin-layer chromatography, 
the (then) relatively sophisticated analytical technique of gas chro- 
matography was utilized. The primary column used was a 6 foot x 
4 mm glass column containing a mixture of 7 percent F-60 and 1 percent 
EGSS-Z (silicone-based mobile phases) supported on Gas Chrome P. 
The instruments used were a Barber-Colman Model 10 and an EIR 
Model AU-8, operating at 216?C and 19 psi with an argon ionization 
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detection system. Substances in the snuff were identified by their re- 
tention times relative to known, synthetic standards and to an internal 
standard (anthracene). Since phenolic alkaloids (such as bufotenine) 
produce broad elution peaks with long retention times, derivatization 
with hexamethyldisilazane produced easily eluted trimethylsilyloxy 
derivatives. 

In contrast to other reported analyses of epéna, the results of this 
study showed the major alkaloidal component to be 5-methoxy-N,N- 
dimethyltryptamine with smaller amounts of N,N-dimethyltrypta- 
mine and traces of bufotenine also present. This shift in the relative 
amounts of alkaloids detected led Holmstedt (1965: 298) to conclude 
that “there is no reason whatsoever to believe that the seeds of 
Piptadenia peregrina are contained in the powder investigated by the 
present author" Seitz had witnessed the preparation of the actual 
snuff “from the phloem of the bark of a tree called epena-kesi . . . 
mixed with the ashes of a species of Acacia . . . and the dried powder 
of a herbaceous plant called maschi-hiri" (Holmstedt 1965: 297). Ex- 
amination of the wood anatomy (the botanical specimen examined 
contained neither flowers nor leaves) of an actual specimen of the pri- 
mary ingredient led to the conclusion that it was a member of the ge- 
nus Virola of the family Myristicaceae. Holmstedt (1965: 296) con- 
cluded, “In spite of careful investigations . . . the botanical origin of 
many of the snuffs used among South American Indians is still enig- 
matic.” Commenting on the work of Reis Altschul (1964), they 
added, “An important result of these studies is the fact that in many 
places where the habit [of snuff taking] exists the species Piptadenia 
is not known to occur" (Holmstedt 1965: 296). 

Thus was born a controversy as to the sources of the snuff known 
as epéna that illustrates the nature of scientific inquiry: the more a 
subject is investigated, the more complicated it becomes. Each vari- 
able introduced into consideration greatly complicates the achieve- 
ment of a complete, comprehensible picture. We have already seen the 
problems associated with merely a single variable in this tale—the prob- 
lem of botanical synonymy. As botanical families and genera are re- 
arranged and new taxa are formed, one must pay close attention to 
obsolete nomenclature, including citations of the published botanical 
authority. Also, since most chemists do not have training in botany, 
many chemical studies of natural products cannot be traced to vouch- 
ered authenticated botanical materials. When one adds to this other 
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variables such as indigenous names, where the same name may often 
be applied to different plants or preparations and the admixture of 
more than one plant to some preparations, along with information 
from other disciplines such as anthropology and archaeology, and 
takes into consideration that such investigations have been conducted 
over several centuries and often under difficult conditions, one can 
begin to appreciate the complexity of the study of these snuffs. 

Holmstedt's (1965) work is important for two reasons: (1) for the 
first time, the highly sensitive technique of gas chromatography had 
been applied to analyses of psychoactive snuffs, thus lowering the 
amount of material required for a successful study; and (2) the dis- 
covery of bufotenine in a snuff apparently not derived from species of 
Anadenanthera or Piptadenia. Prior to this time, presence of bufo- 
tenine in analyzed snuff preparations was sufficient evidence to as- 
sume the source of the snuff to be species of these two genera. How- 
ever, because bufotenine had been found only in trace amounts in this 
study, and its detection was based solely on gas chromatographic re- 
tention times and colorimetric reactions, some doubt remains as to its 
identity. Since the snuff sample was four years old at the time of anal- 
ysis, a possible explanation is that the traces of bufotenine arose as an 
artifact of the hydrolysis, over time, of the major constituent, 5- 
methoxy-N, N-dimethyltryptamine. This statement must be consid- 
ered as speculation only, however, and the presence of bufotenine 
taken as fact. After 1965, research on alkaloids of South American 
snuffs would have to be conducted with yet more careful consider- 
ation of the actual plant sources involved. 

The same year, Marini-Bettólo et al. (1965) published a review of 
naturally occurring visionary alkaloids. He affirmed the identity of 
one of the variations of the ebene snuff of the Yanomamó of the upper 
Orinoco River as derived from Piptadenia peregrina (L.) Benth. (A. 
peregrina), a preparation containing the by-now familiar compounds, 
bufotenine, N,N-dimethyltryptamine, and their respective N-oxides. 
If things were not confusing enough, however, these authors (mistak- 
enly?) identified the source of paricá snuff as Banisteriopsis caapi 
Spruce, containing the carboline alkaloids harmine, harmaline, and 
traces of tetrahydroharmine. This was hardly a mistake. The previous 
year, Bernauer (1964), working with a sample of ebene snuff ob- 
tained from Becher (1960) and attributed to the Surará Indians of 
northwestern Brazil, isolated harmine (0.38 percent) and the (+)-en- 
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antiomer of 1,2,3,4-tetra-hydroharmine (.08 percent). He used both 
column chromatography on alumina (in the case of the former com- 
pound) and Kugelrohr distillation (in the case of the latter alkaloid) 
under high vacuum to purify these compounds. The identity of these 
two alkaloids was confirmed by the use of ultraviolet, infrared, and 
nuclear magnetic resonance (NMR) spectroscopy as well as by mixed 
melting point. The direction (but not the magnitude) of the rotation of 
polarized light of the isolated tetrahydroharmine was determined at 
wavelengths between 480 and 700 um. A third alkaloid of unknown 
structure was also isolated in trace amounts. Bernauer did not find 
harmaline in this sample and suggested that perhaps it arose by sim- 
ple oxidation as an artifact either of preparation of the snuff or of the 
isolation procedure. The actual plant source of this snuff was not 
identified but was presumed to be Banisteriopsis caapi Spruce (pre- 
viously known as Banisteria caapi Spr.). 

In a previously mentioned study (Paris et al. 1967) of the chemical 
constituents of P. peregrina (A. peregrina) from Haiti and the African 
species P. africana Hook., the presence of bufotenine, its N-oxide, 
and DMT were reported in the seeds of the former species, as well as 
other nonalkaloidal constituents in the leaves, pods, and bark. Pipta- 
denia africana, on the other hand, was devoid of alkaloids. 

The year 1967 marked a zenith in research endeavors on naturally 
occurring psychoactive substances, or so it seemed because of the 
publication of the proceedings of a remarkable symposium, Ethno- 
pharmacologic Search for Psychoactive Drugs, held in San Fran- 
cisco, California, January 28-30, 1967 (Efron et al. 1967). The con- 
ference was held because of the tremendous volume of research being 
conducted by groups all over the world on the various aspects of these 
plant hallucinogens. This book still serves as a most important source 
of multidisciplinary information about psychoactive plants. 

Holmstedt and Lindgren (19672) reported the results of novel 
snuff research and reviewed the information published up until that 
time. They also unveiled a new and powerful technological break- 
through in the analyses of natural products: the use of combined gas- 
liquid chromatography and mass spectrometry. Although gas chro- 
matography alone had been previously used (Holmstedt 1965) in 
analysis of snuff alkaloids, it suffered from the same drawback as 
other methods of chromatographic analyses, that is, it was inherently 
indirect since it only measured retention times relative to known, syn- 
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thetic standards. Its combination with mass spectrometry, pioneered 
by Holmes and Morell (1957) and Rhyage (1964), provided two ad- 
vantages not hitherto known: for the first time, positive identification 
of the structures of chemical compounds could be attained by virtue 
of their mass spectra, with no need for actual isolation of individual 
components, and even smaller quantities of plant materials were re- 
quired for successful analyses, including samples from museums and 
herbaria. 

Holmstedt and Lindgren (1967a) compared the results of their 
analyses of six new snuff samples with those of six others reported 
previously. Snuffs analyzed were from collections dated between 
1948 and 1965. Four were samples called paricá, seven epéna, and 
one yopo. In addition, material from 11 different collections of six 
snuff plant species was included in an attempt to relate the snuffs to 
their botanical sources. An interesting picture emerged when com- 
paring alkaloids found in a snuff sample relative to its respective plant 
source. Two samples of paricá contained only bufotenine, while a 
third contained DMT, 5-methoxy-DMT, and even harmine in addi- 
tion to bufotenine. The fourth sample contained only harmine, har- 
maline (dihydroharmine), and tetrahydroharmine. The results from 
this last sample were from the previously mentioned study of Marini- 
Bettólo et al. (1965). Two samples of epéna contained bufotenine, 
DMT, and their respective N-oxides, two other samples contained 
harmine and tetrahydroharmine, and three others contained only mix- 
tures of DMT, 5-methoxy-DMT, 5-methoxy-N-monomethyltrypta- 
mine, and monomethyltryptamine. The single sample of yopo con- 
tained DMT, bufotenine, and 5-methoxy-DMT. All samples were 
from either Venezuela, Colombia, or Brazil. The only real constant 
was that all alkaloids found were indoles. 

In addition, material from five collections of Piptadenia peregrina 
Benth., two collections of P. macrocarpa Benth., and one each of P. 
colubrina Benth., P. excelsa (Gris.) Lillo, Mimosa hostilis Benth., and 
Virola calophylla War. were examined. All collections of the seeds of 
Piptadenia but one contained bufotenine in varying mixtures with 
DMT and its N-oxide and bufotenine N-oxide. Bark and pod samples 
from collections of Piptadenia contained DMT, monomethyltrypta- 
mine, 5-methoxy-DMT, and 5-methoxy-N-monomethyltryptamine, 
but not bufotenine. The same alkaloids, with the exception of the lat- 
ter, were found in the sample of V. calophylla bark, and the sample of 
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M. hostilis root contained only DMT. Bufotenine was not found in 
these two species. The single collection of seeds of P. peregrina 
Benth. obtained by F. Caspar (1956) from the Tupari Indians of Rio 
Branco, Brazil, were shown to contain only DMT and 5-methoxy-DMT. 
Although no quantitative figures were reported, a gas chromatographic 
trace of the analysis of this collection suggested that 5-methoxy- 
DMT represented 96 percent and DMT 4 percent of the alkaloid frac- 
tion. This was at the time the only analysis published of seeds of any 
collection of Piptadenia or Anadenanthera species in which bufo- 
tenine was not found. 

Several conclusions can be drawn from these results. First, in some 
cases the same indigenous name applies to snuffs prepared from dif- 
ferent plant sources (see Chagnon et al. 1970, 1971). Excepting a sin- 
gle report (Holmstedt 1965), the presence of bufotenine in a snuff is 
enough evidence to identify at least one ingredient of the snuff as 
Anadenanthera or Piptadenia. A relatively high concentration of 5- 
methoxy-DMT or the absence of bufotenine in a snuff points to one 
or another species of Virola as its source. Second, certain snuffs are 
prepared from mixtures of more than one plant. That would seem to 
be the case with snuffs that are found to contain both tryptamines and 
the ayahuasca B-carbolines. As of the close of 1967, tryptamines and 
D-carbolines had not yet been isolated from the same plant. Third, the 
finding of harmine suggested species of Banisteriopsis either as sole 
ingredient or as admixture in indigenous snuffs, since harmine or 
other 7-methoxy-B-carbolines had not been found in species of Pip 
tadenia, Anadenanthera, or Virola. 

In 1967, the finding of two reduced f-carboline alkaloids, 2- 
methyl- and 1,2-dimethyl-6-methoxy-1,2,3,4-tetrahydro-B-carboline 
(Figure 4.5), in extracts of a specimen of A. peregrina (L.) Speg. col- 
lected in Boa Vista, Brazil, during the Alpha Helix Expedition, Phase 
C was reported (Agurell et al. 1968). Isolated percentages of these al- 
kaloids were not reported, but their structures were confirmed by 
comparison of their mass spectra with those of synthetically prepared 
standards. 

The research vessel Alpha Helix was a National Oceanographic 
Facility of the University-National Oceanographic Laboratory Sys- 

.tem for experimental biology, which was launched June 29, 1965. 
The ship was owned and operated by the Scripps Institution of 
Oceanography, University of California, San Diego, from February 
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1966 to August 1980. It housed three well-equipped laboratories, a 
walk-in freezer, a darkroom, machine shop, and other facilities. Al- 
pha Helix was used to conduct two missions of research in the Brazil- 
lan Amazon basin. The first, from February through December 1967, 
was near the Negro and Branco rivers and involved broad studies of 
animal and plant life in the region. The second Amazonian mission 
occurred between July and August 1976 and was devoted exclusively 
to the study of six native groups living along tributaries of the upper 
Amazon River (Scripps n.d.). 

In 1969, Agurell published a detailed account of the results of 
chemical analyses of material collected during the Alpha Helix Expe- 
dition on the Amazon and Rio Negro rivers (Agurell et al. 1969). Two 
collections of snuffs (epéna and nyakwana) and seven collections of 
five species of Virola Warburg were analyzed for the presence of 14 
different tryptamine and B-carboline alkaloids. In addition, quantita- 
tive results were reported for material from the same collection of A. 
peregrina (L.) Speg. previously examined qualitatively (Agurell et al. 
1968). Unfortunately, this material had been preserved in alcohol 
prior to analysis, and only the bark and leaves were analyzed. 

As expected, the collections of Virola contained 5-methoxy-DMT 
as the major alkaloid in bark, leaves, and flowering shoots. The 
nyakwana snuff contained an extraordinarily high concentration of 
this alkaloid, nearly 10 percent. No 5-hydroxytryptamines (neither 
bufotenine nor serotonin) were found in the snuff or Virola collec- 
tions. The bark of A. peregrina was said to contain “a high amount 
of 5-methoxy-DMT,” although the reported percentage was 0.025 
percent. In addition, the bark of this collection was found to contain 
5-methoxy-N-monomethyltryptamine (0.015 percent), 1,2-dimethyl-6- 
methoxy-1,2,3,4-tetrahydro-B-carboline (0.001 percent), 2-methyl- 
6-methoxy-1,2,3,4-tetrahydro-B-carboline (0.001 percent), DMT 
(0.0005 percent), and traces of N-methyl-tryptamine. The leaves con- 
tained 5-methoxy-DMT and DMT in equal amounts (0.0075 percent) 
and traces of N-methyltryptamine. Concentrations of these alkaloids 
were determined by integration of the area under their respective gas 
chromatographic curves relative to an internal standard of DMT. Pos- 
itive identification of structures was made by mass spectral analyses. 

No tryptamine N-oxides were found in any collection from this 
study. Since it was known (Ghosal and Mukherjee 1966) that 5- 
methoxy-DMT N-oxide could rearrange to 2-methyl-6-methoxy- 
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1,2,3,4-tetrahydro-B-carboline under certain conditions, the possibil- 
ity that the latter could arise as an artifact of the extraction procedure 
was discounted by experiments by the authors. That the position of 
substitution of the methoxy group of the tetrahydro-B-carbolines was 
at the indole 6 carbon instead of at position 7 as in the harmine- 
derived Banisteriopsis alkaloids was determined by examination of 
the ultraviolet and fluorescence spectra of a number of variously sub- 
stituted methoxy- and benzyloxy-indoles. 

In 1971, Chagnon and co-workers reported ethnobotanical, chemi- 
cal, and ethnographic findings concerning the snuffs used by the 
Yanomamó Indians of southern Venezuela and northern Brazil. This 
detailed study concerned two snuff preparations known by the names 
yakoana (nyakwana) and hisioma. Chemical analysis clearly differ- 
entiated these snuffs. The former was attributed to bark and bark resin 
of Virola species along with a number of plant admixtures, and the 
latter simply to seeds of A. peregrina. Various collections of yakoana 
snuff contained from 0.15 percent to 2.00 percent of equal mixtures 
of 5-methoxy-DMT and its respective N-oxide; the hisioma seeds 
contained only bufotenine in the highest quantity reported up until 
that time, 7.4 percent. Although an actual sample of the Yanomamó- 
prepared hisioma snuff was not available for analysis, these authors 
stated that “consideration of the mode of preparation of the snuff . . . 
suggest that little change in the nature or content of the alkaloidal 
constituents results from the preparation process itself" (Chagnon 
et al. 1971: 73). 

In an investigation of chemotaxonomic relationship in Piptadenia, 
the alkaloidal fraction of the seeds from five Brazilian species of the 
genus was studied using paper electrophoresis and isolation tech- 
niques (Yamasato et al. 1972). Bufotenine and DMT were found in P. 
colubrina and P. peregrina. In addition, these two compounds were 
also found in two more species of Piptadenia not considered synony- 
mous with any of the four varieties of Anadenanthera: P. contorta 
Benth. and P. moniliformis Benth. Although a sample of P. lepro- 
stachya (P. leptostachya?) did not contain the two tryptamines, a 
crystalline alkaloid was isolated in 0.03 percent yield from it. This 
compound was identified as theobromine, a purine alkaloid also 
known as 5-desmethyl caffeine, by NMR, ultraviolet, and mass spec- 
troscopy. This was the first report of this alkaloid in the Leguminosae. 
(The main source of theobromine is the cocoa bean, Theobroma ca- 
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cao [Ott 1985].) It is also found in the Paraguayan tea maté, made 
from the leaves of Ilex paraguariensis, and cassina, a tea produced 
from Ilex cassine (Trease and Evans 1971; Tyler et al. 1981). Two un- 
identified indoles were also found: one was present in all five species, 
the other only in P. colubrina and P. peregrina. 

Budowski and colleagues (1974) examined several samples of 
yopo snuff collected from the Pixaasi-Teri (Yanomamó) tribe of the 
Mavaca River region of the upper Orinoco. One of the samples was 
found to be alkaloid free, another contained only bufotenine (2.7 per- 
cent), and the third contained only 5-methoxy-DMT (1.4 percent). 
These authors concluded: 


It is important to underline the fact that the origin of the drug is 
not always sufficient to establish where the yopo was prepared. 
In effect yopo constitutes—as does curare—the object of trade 
and exchange among Indian tribes in the Amazon-Orinoco bas- 
ins. (Budowski et al. 1974: 578) 


Grossa and co-workers (1975) examined a sample of epéna snuff 
obtained from the Bisashi-teri of the Rio Ocamo region. They wit- 
nessed the actual preparation of the snuff from bark of a Virola spe- 
cies. A single alkaloid, 5-methoxy-DMT, was isolated in 1.2 percent 
yield. These authors suggested that in order to avoid confusion, a 
simple nomenclatural device be adopted—that all snuff drugs made 
from seeds be called yopo and all those from bark epéna. | 

Schultes and collegues (1977) conducted a phytochemical exami- 
nation of seeds from A. peregrina originally collected by Richard 
Spruce in 1854. The material was obtained from the Economic Bot- 
any Museum at Kew, England, where it had been for 120 years. This 
study also reported analytical results for the plant organs of ten addi- 
tional contemporary collections of A. peregrina as well as two addi- 
tional snuff samples. The work involved classical alkaloid extraction 
and enrichment procedures and instrumental analyses by gas chro- 
matography, gas chromatography/mass spectrometry, and the newest 
(then) technology in trace component analyses, mass fragmentom- 
etry (Elkin et al. 1973). These investigators conducted a thorough 
quantitative examination of the collection of A. peregrina marked, 
"Schultes 26363, San Juan, Puerto Rico, March 1972.” Seven parts of 
the plant were analyzed for the presence of indole alkaloids. Seeds 
were shown to contain DMT (0.16 percent), 5-methoxy-DMT (0.04 
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percent), and bufotenine (0.013 percent). Seedlings showed DMT 
traces (i.e., «0.01 percent), 5-methoxy-DMT (0.024 percent), and 
bufotenine (traces). Pods contained DMT (traces), 5-methoxy-DMT 
(0.012 percent), and bufotenine (traces). The leaf analysis demon- 
strated the presence of DMT (0.013 percent) and 5-methoxy-DMT 
(0.094 percent). Ground twigs contained DMT (traces), 5-methoxy- 
DMT (0.04 percent), and bufotenine (traces). Bark showed DMT 
(0.02 percent) and 5-methoxy-DMT (0.4 percent). The analysis of 
root material demonstrated the presence of DMT (0.014 percent), 5- 
methoxy-DMT (0.68 percent), and bufotenine (traces). 

Another collection of seeds from the same grove of A. peregrina 
collected three years later and marked, “Schultes, von R. Altschul, B. 
Holmstedt, San Juan, Puerto Rico, March 1975;" although not ana- 
lyzed quantitatively, was shown to contain bufotenine as 80 percent 
of the alkaloidal fraction with minor amounts of DMT and 5-methoxy- 
DMT. An alkaloid new for this species was also detected in trace 
amounts, 2-methyl-1,2,3,4-tetrahydro-B-carboline, a “cyclized” tryp- 
tamine lacking either a methoxy- or hydroxy-substituent. This com- 
pound had previously been reported (Agurell et al. 1969) as a constit- 
uent of Virola theiodora Warb. and constituted the third B-carboline 
alkaloid found in Anadenanthera. This same collection was rean- 
alyzed two years later to determine the effect of time on alkaloid con- 
tent, something that had not hitherto been done for this species. It was 
found to contain only bufotenine; all other alkaloids had decomposed 
and vanished. Four other various collections of seeds presumably of 
Anadenanthera species were shown to contain only DMT (all less 
than 0.05 percent), and one also had traces of 5-methoxy-DMT. 
Seeds and seedlings of three other collections of Piptadenia pere- 
grina as well as samples of two snuff powders from Brazil and Co- 
lombia of unknown plant origin likewise contained only DMT and 5- 
methoxy-DMT in trace amounts. 

Several troubling aspects of this work again point to the difficulty 
of establishing absolute consistency in the study of the chemical 
makeup of natural products, even of the same genus or species. Hith- 
erto, only one collection of seeds of A. peregrina (or A. colubrina) 
had failed to yield bufotenine, even as a trace constituent (Holmstedt 
and Lindgren 1967c). However, in Schultes et al. (1977) we have the 
analyses of six collections of seeds of the former species that were 
shown not to contain bufotenine. Even more interesting, collections 
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of seeds from the same grove of trees, the analyses of which were 
only three years apart, show completely opposite results. In seeds 
from Schultes collection number 26363, San Juan, Puerto Rico, 
1972, DMT predominated, whereas seeds from the 1975 collection 
(Schultes, Reis Altschul, and Holmstedt, San Juan, Puerto Rico, 
1975) contained bufotenine as the main alkaloidal component (Schultes 
et al. 1977). Differences in alkaloid content within the same species 
are not uncommon, however. Considerable seasonal variation in the 
occurrence of alkaloids in the leaves of a related arborescent legume, 
Acacia baileyana F. v M., have been reported (Repke et al. 1973). 
Analysis of material collected in the spring contained mostly tetrahy- 
droharman, while that from the fall of the same year contained only 
tryptamine. All material analyzed came from the same tree. 

Nearly a decade elapsed before publication of any further chemical 
investigations of these snuffs. Bongiorno de Pfirter and Mandrile 
(1983) published a rather complete review of the many aspects of the 
species A. peregrina (L.) Speg., including history, botanical descrip- 
tion, geographical distribution, chemistry, and pharmacology of the 
plant. They concluded that its historical importance and use, espe- 
cially in the Amazon, had been unjustly underemphasized, and that it 
probably was the principal source of shamanic snuffs used in the re- 
gion, an opinion shared by Chagnon in his studies on Yanomamó use 
of psychoactive plants (Chagnon et al. 1971; compare Schultes 1967). 

Rendón (1984) studied the alkaloidal composition of seeds ob- 
tained from P. macrocarpa Benth. (A. colubrina var. Cebil) collected 
in Alto Beni, La Paz, Bolivia, known as villca or curupáu. Nearly half 
a kilogram of seeds was exhaustively extracted with boiling ethanol 
in a Soxhlet apparatus for 80 hours. Using column chromatography 
on alumina and silica gel, 0.5 percent bufotenine was isolated as the 
crystalline free base. Its identity was confirmed by infrared spectros- 
copy. The actual infrared spectrum was included in this paper. A 
more polar, unidentified alkaloid was also detected. 

In an outgrowth of the study of the various aspects of archaeologi- 
cal snuffs from northern Chile (Torres et al. 1991), Torres and Repke 
(1996) investigated contemporary use of A. colubrina var. Cebil 
seeds among Wichi (Mataco) shamans of the Gran Chaco region of 
Argentina (Plate 59), and reported the presence of three indole alka- 
loids in seeds, bark, and pods of several collections of this species. 
Bark and pods contained minor quantities of DMT and bufotenine. 
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Seeds from three collections, however, were shown to contain 3.51 
percent, 4.41 percent, and 12.4 percent bufotenine, along with minor 
amounts of DMT and N-methyl-serotonin. From personal observa- 
tions of both the preparation and use of the seeds both as snuff and 
smoked cigar (mixed with tobacco), it was calculated that a single ci- 
gar might contain as much as 196 mg bufotenine. It was also con- 
cluded that bufotenine was solely responsible for the activity of the 
smoked seeds, since the ratio of bufotenine to DMT in the high- 
bufotenine collection was 200 to 1, and that the concentration of 
DMT (0.06 percent) was believed too low to be pharmacologically 
significant. 

Several studies of the chemical composition of snuff powder sam- 
ples from archaeological sites and museum specimens have been 
published. In an endnote to Núñez (1969: 94), Bjórn Luning com- 
mented on the importance of such investigations: 


Archaeological Indian snuffs which are found in certain dry re- 
gions of South America as well as other archaeological finds 
may be of diagnostic value in revealing trade ways and migra- 
tions. The origin and source are good characteristics of the 
many kinds of snuffs known and an analysis of these may be 
feasible and of great importance. 


The first such undertaking was reported by Fish, Johnson, and Horn- 
ing (1955) as part of a larger study of Piptadenia chemistry (see 
Appendix). These workers compared the results of analyses of “labo- 
ratory snuff" prepared from seeds of Puerto Rican A. peregrina with 
an authentic sample found in a contemporary Piaroa snuff box ob- 
tained from the Smithsonian Institution under catalog no. 387781. 
Using paper chromatography and visualization with Erhlich's re- 
agent, both snuffs were found to contain bufotenine and the same un- 
identified indoles. The evidence indicated that the origin of the Piaroa 
snuff was Anadenanthera, although the actual species could not be 
identified. 

The previously mentioned work of Nüfiez (1969) contains an 
endnote written by S. Henry Wassén concerning chemical analysis of 
three samples of snuff from snuffing kits in the collection of the 
Iquique Archaeological Museum. Originally excavated by the Dan- 
ish pharmacist Ancker Nielsen from a site in northern Chile, these 
samples had been dated ca. A.D. 700-1000. Using thin-layer chroma- 
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tography, results for the presence of indoles were negative for the 20 
to 850 mg samples. Some problems associated with such analyses 
were outlined. The collection, handling, and storage of the samples, 
elimination of possible sources of contamination that could lead to 
erroneous results, and the inherent instability and subsequent deterio- 
ration of alkaloids and other chemical markers, as well as the need for 
exquisitely sensitive analytical methods, were found to be important 
for successful analyses. Paleobotanical methods such as microscopic 
examination of plant cells in the snuffs were suggested for identifica- 
tion of the plant sources. 

Holmstedt and Lindgren (1972) examined eight samples of snuff 
powder of unknown provenance as well as several collections of 
leaves, carbon 14 dated to A.D. 375 from collections deposited in the 
Ethnographic Museum, Gothenburg, Sweden. Thin-layer chroma- 
tography, gas chromatography, and gas chromatography/mass spec- 
trometry all gave negative results for all snuff samples. Commenting 
on their analysis, these authors stated that "it is not surprising that the 
greater surface area of the powders after such a long time should have 
caused the destruction of any alkaloids present" (Holmstedt and 
Lindgren, 1972: 142). The thousand-year-old leaves, however, were 
found to contain 1.0-1.8 percent caffeine and were identified as Ilex 
guayusa Loes. of the Aquifoliaceae. 

Schultes and colleagues (1977) analyzed 120-year-old seeds of A. 
peregrina (L.) Speg. originally collected by Spruce (1970) in 1854 
and deposited in the Royal Botanic Gardens at Kew as "Spruce 119.” 
A single alkaloid—bufotenine—was detected in 0.6 percent yield. 
Comparing the analyses of fresh material to those of the same mate- 
rial after two years in storage, they demonstrated that all alkaloids 
originally present in the fresh material, except bufotenine, disappeared 
with time. They speculated on whether or not other alkaloids might 
once have been present in the Spruce material, concluding, *Our 
Observation stresses the importance of storage-time in addition to 
knowledge of plant part, soil, season and climatic conditions, when 
alkaloid analysis is carried out on seeds and on the snuffs prepared 
from them" (Schultes et al. 1977: 283). 

Smet and Rivier (1985), in a review of South American snuff use, 
reported the results of analyses of two ethnographical snuff samples. 
The first sample, 
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which consisted of dry snuff lumps, was obtained from a Euro- 
pean art dealer who had purchased the snuff and some snuff- 
taking paraphernalia of the Piaroa tribe from the missionary mu- 
seum in Puerto Ayacucho, Venezuela. The equipment is now in 
a private collection. (Smet and Rivier 1985: 97) 


The second consisted of a dry granular powder deposited in the Royal 
Museum of Central Africa, Tervuren, Belgium (coll. no. 74.76.594) 
said originally to have been collected “by a German named Baum- 
garter" sometime in the 1950s or 1960s. Quantitative analyses were 
performed using capillary column gas chromatography/mass spec- 
trometry. In addition, pH measurements were made of an aqueous 
suspension of each snuff. The snuffs were found to be quite alkaline, 
with pHs of 9.4 and 9.2, respectively. It was suggested that this alka- 
linity may facilitate the diffusion of alkaloids through the nasal mu- 
cous membrane. Both samples were found to contain bufotenine, the 
former 1.0 percent and the latter only traces («0.1 percent). The pres- 
ence of bufotenine suggested the source of the snuffs to be an 
Anadenanthera species. The second sample was also found to con- 
tain traces of harmine, an alkaloid already reported to occur in snuffs 
by other researchers (Bernauer 1964; Holmstedt and Lindgren 1967b; 
Marini-Bettólo et al. 1965). Smet and Rivier (1985: 99) concluded: 


[T]here is at last additional evidence that the Piaroa must have 
prepared snuffs not only from plants rich in tryptamines, but 
also from a vegetal source yielding harmine. This conclusion in- 
dicates that the tracing of Indian drug materials in European mu- 
seums and private collections for chemical analyses may lead to 
interesting results. 


In 1987, Smet and Rivier analyzed seeds said to be of the paricá 
tree originally collected by zoologist Johann Natterer from the Maué 
Indians during his travels in Brazil between 1817 and 1835, and de- 
posited in the Museum for Ethnology, Vienna. These authors stressed 
the importance of tracing the seed sample because 


it has often been implied that the Maué and Mura Indians of the 
Brazilian Madeira River prepared paricá snuffs and enemas 
from Anadenanthera seeds. Up to now, however, these asser- 
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tions have not been supported by an early collection of the seeds 
(vide Schultes 1967). (Smet and Rivier 1987: 14) 


Using capillary gas chromatography/mass spectrometry with selec- 
tive ion monitoring, which increases the sensitivity of detection 20- to 
50-fold, a single alkaloid—bufotenine—was found in 1.5 percent 
yield. 

The oldest known samples of archaeological snuffs to be analyzed 
successfully for the presence of centrally active tryptamines came 
from an excavation at the site of Solcor 3, San Pedro de Atacama, 
Chile (Torres et al. 1991). Two snuff samples were found in burial 
number 112, which also contained a very well-preserved mummy 
bundle (Plates 46-48). The samples weighed 2.4 and 10.1 g, respec- 
tively. An alkaloid enrichment procedure involving chloroform ex- 
traction, partitioning into aqueous acid, removing neutral compo- 
nents with ethyl acetate, careful basefication (to pH 8-9) with 1.0N 
sodium hydroxide solution, and reextraction into chloroform pro- 
vided a small residue, which was analyzed by the very sensitive tech- 
nique of short-column gas chromatography-tandem mass spectrome- 
try, in which a second mass spectrometer is used as a detector for 
selected ions generated by the first mass spectrometer (for a discus- 
sion of the technique, see McFadden 1973; Johnson et al. 1984; John- 
son and Yost 1985). Estimates of detection limits for this technique 
are 0.5 to 1.0 nanogram for single components. Bufotenine, DMT, 
and 5-methoxy-DMT were detected in both snuff samples. The pres- 
ence of bufotenine prompted the authors to attribute the source of the 
snuff to a species of Anadenanthera, possibly A. colubrina var. Cebil. 
This conclusion was strengthened by the finding of seeds identified 
as Anadenanthera in nearby burials corresponding to the period of 
the snuff samples. 


BIOSYNTHESIS OF THE ANADENANTHERA 
ALKALOIDS 


Once the structure of an alkaloid such as bufotenine has been de- 
termined and verified by laboratory synthesis, attention is often 
turned to the question of how the alkaloid was formed in the plant. 
This biosynthesis is defined as “the elucidation of the normal and 
usually unique route, the metabolic pathway, whereby the complex 
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product is generated in vivo” (Pelletier 1970: 670). The basis of 
biosynthetic and metabolic pathways can be found in biogenetic the- 
ory. (Discussions of biogenesis can be found in specialized texts such 
as Meister 1965.) This theory seeks to define both the common cellu- 
lar constituents from which, and the enzymatic mechanisms by which 
are derived alkaloidal precursors, the so-called primary metabolites. 
Primary metabolites consist of amino acids such as tryptophan, 
phenylalanine, tyrosine, and nicotinic acid, which in turn are derived 
from even smaller units such as mevalonic acid, acetate, pyruvate, 
anthranilic acid, shikimic acid, and glucose. Much of this theory is 
based on chemical reasoning, that is, that structural similarities of al- 
kaloid skeletons can be related to common features of these primary 
metabolites (so-called obligatory intermediates) and that the forma- 
tion of complex products from these cellular constituents can be ex- 
plained in terms of “rational chemical mechanisms.” 

Many such biogenetically modeled syntheses have been carried 
out in the laboratory under “physiological” conditions, that is, in di- 
lute aqueous solutions at room temperature and mild pH ranges. The 
successful outcome of these reactions, however, cannot be taken as 
proof of their existence in actual plant cells. Biosynthesis of second- 
ary metabolites such as alkaloids must be determined experimentally 
for each species. The objectives of such studies are threefold: first, all 
intermediates in the metabolic pathway must be determined; second, 
enzymes and cofactors that catalyze each step must be characterized; 
and third, the kinetics, stoichiometry, and chemical mechanism for 
each step must be understood. Most published biosynthetic studies, 
however, are based only on precursor-product relationships, that is, 
step one. Even though incomplete, much useful information can be 
gathered from such studies. These experiments fall into one of two 
broad methodological categories: balance studies and radiolabeled 
tracer studies. 

Balance studies consist of infusing a large amount of a putative 
precursor of the naturally occurring alkaloid into the plant in question 
and measuring the amount of end product formed at a future time. In 
theory, a major quantitative difference between what is produced un- 
der natural conditions and what is produced under precursor feeding 
should be measurable, thus establishing the precursor as a genuine 
naturally occurring (obligatory) intermediate. This method suffers 
from several difficulties. It does not take into consideration the exis- 
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tence of "rate-limiting steps" in the metabolic pathway. In controlling 
biosynthetic reactions, these steps will not allow the enhanced accu- 
mulation of products from an enhanced supply of precursor. Also, be- 
cause individual plant specimens growing in the wild are subject to a 
great variation of natural conditions, the matching of experimental 
with control plants is very difficult. 

The availability of radiolabeling techniques in organic synthesis 
has made possible far more accurate biosynthetic studies. This proce- 
dure involves feeding a suspected precursor that has been labeled at a 
specific site with a radioactive atom such as carbon 14 (the most 
abundant isotope of carbon has atomic weight 12), allowing the plant 
to grow for a limited time, extracting the product alkaloid, and mea- 
suring the incorporated radioactivity. Measuring radioactivity can be 
done either by chemical degradation or by instrumental means such 
as mass spectrometry or (as in the case of carbon 13) NMR spectro- 
scopy. Even so, this technique cannot absolutely ascertain if the 
added precursor is indeed the natural, obligatory one. More evidence 
is needed from enzyme and kinetic studies. Several seemingly con- 
flicting views exist regarding enzyme-catalyzed reactions in plants. 
Spenser (in Pelletier 1970: 677) has argued: 


There is no justification for assuming a priori that primary met- 
abolic processes follow the same pattern in different living 
forms. Each species presents a unique set of metabolic problems 
... biosynthetic pathways which are proposed on the basis of in- 
corporation studies freely invoke enzymatic reactions that are 
assumed to be of wide generality. . . . Assumption of unre- 
stricted generality of such processes in biochemical systems is 
unjustified. Intracellular enzymes are of high substrate specific- 


ity. 


The enzymatic reactions in question include transamination, decar- 
boxylation, and oxidative deamination of alpha amino acids, oxida- 
tive decarboxylation of alpha-keto acids, and transmethylation from 
S-methyl methionine. However, Turner (1971: 21), in a discussion of 
biosynthetic pathways in fungi, noted that microorganisms possess 
non-specific enzyme systems which will accept a wide variety of sub- 
strates.” This nonspecificity of enzymes in fungi (and perhaps in 
higher plants) led Bu'Lock (1965) to propose the idea of a metabolic 
grid in which the same enzymes will each catalyze the reaction of 


128 Anadenanthera: Visionary Plant of Ancient South America 


more than one substrate such that there are several different pathways 
from a supposed precursor to the final product. Such a biosynthetic 
grid is illustrated in Figure 4.6 for the compounds.under consider- 
ation here. Admittedly, one must take into account the vastly differ- 
ing natures of microorganisms and green, flowering plants. However, 
one cannot deny that both specific and nonspecific enzymes exist 
throughout the living world. In any event, the reaction grid shown in 
Figure 4.6 may be useful to a discussion of the published experimen- 
tal data regarding the biosynthesis of the elaborated indoles found in 
species of Anadenanthera. 

At the outset, it must be appreciated that not all of the alkaloids 
shown in Figure 4.6 have been detected in species of Anadenanthera, 
that is, compounds 1 (tryptamine) and 7 (5-methoxytryptamine). 
This does not, however, preclude them as potential natural bio- 
synthetic intermediates. Protein-bound substrates undergoing enzy- 
matic reaction may be very difficult to detect under normal plant ex- 
traction and analysis techniques. Some of these intermediates might 
also be very short-lived, undergoing reaction as soon as they are 
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FIGURE 4.6. Biosynthetic grid of the Anadenanthera alkaloids. 
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formed. This phenomenon has been demonstrated in experiments in- 
volving genetic engineering. For example, in a study of the produc- 
tion of serotonin (compound 4, Figure 4.6) by root cultures of 
Peganum harmala (Syrian rue), Berlin and colleagues demonstrated 
a tenfold increase in serotonin yield upon introduction of a trypto- 
phan decarboxylase cDNA cloned from Catharanthus roseus (Berlin 
et al. 1993). The levels of tryptamine, the immediate product of 
tryptophan decarboxylase, were unchanged in these transgenic lines, 
indicating that it was used immediately after it was produced for 
enhanced serotonin biosynthesis. 

Tryptophan, the presumed immediate precursor of tryptamine (1), 
is not shown in Figure 4.6. Neither is another possible key intermedi- 
ate, 5-hydroxytryptophan. With the inclusion of these compounds, 
one might envision not just a two-dimensional biosynthetic grid but a 
three-dimensional grid with a z axis as well as the shown x and y axes. 
Moreover, none of the cofactors that could mediate the enzymatic 
reactions are shown. 

In the biosynthesis of 9 from 1, six reaction pathways involving 
three enzymatic reactions are shown. Hypothetically, all reaction 
pathways are possible, but not all are given equal importance. Some 
of the compounds may be better enzyme substrates than others. The 
enzymes involved in the sequence of N-methylation, aromatic hy- 
droxylation, and O-methylation are indicated by the letters a, b, and c, 
respectively, positioned over the reaction arrows. All of the enzymes 
that could effect such reactions are known to occur in the plant king- 
dom, although studies aimed at their isolation from species of Ana- 
denanthera are lacking. Certain broad assumptions can be made by 
analogy to other plant species. Preliminary discussions of certain as- 
pects of biosynthesis in this genus have already been mentioned 
(Fish, Johnson, and Horning 1955; Legler 1963). 

Although these early works cannot properly be considered as 
biosynthesis studies, they provide useful information and insights 
into the type of reasoning that eventually results in an understanding 
of the metabolic pathways by which these alkaloids are formed. The 
observation that DMT N-oxide and bufotenine N-oxide are present in 
extracts of seeds of P. macrocarpa Benth. (A. colubrina var. Cebil; 
Fish, Johnson, and Horning 1955) prompted Fish and co-workers 
(1956) to investigate a mild ferric ion-induced rearrangement of these 
N-oxides as a model of biological N-dealkylation. 
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Although the conversion of tertiary alkylamines (such as DMT) 
into secondary amines by removal of a single methyl group had been 
known from the early twentieth century (Polonovski 1927) and actu- 
ally studied for DMT itself (Ahond et al. 1970), reaction in the labo- 
ratory involved prolonged heating in boiling acetic anhydride, condi- 
tions far more severe than anything experienced in nature, although 
the natural occurrence of the agent acetyl phosphate had been in- 
voked as a possible promoter of a “biological Polonovski" reaction 
(Bather et al. 1971). The reaction of DMT N-oxide with ferric nitrate 
in the presence of oxalic acid in aqueous solution first produced an 
unstable carbinolamine which rapidly underwent hydrolytic loss of 
formaldehyde to give N-monomethyltryptamine, a known Pipta- 
denia/Anadenanthera alkaloid. These workers suggested that another 
possible product, N-methyltetrahydronorharman, might be formed 
from the intermediate carbinolamine under even milder conditions. 
Indeed, more than 20 years later (Schultes et al. 1977), this very com- 
pound was detected in seeds of A. peregrina. It was also claimed that 
work was proceeding on the rearrangement of bufotenine N-oxide 
“under circumstances where 6-hydroxy-N-methyltetrahydronorharman 
(2-methyl-6-hydroxy-1,2,3,4-tetrahydro-B-carboline) can be detected" 
(Fish et al. 1956: 3669). No report of this investigation was pub- 
lished. 

The work on oxidative N-dealkylation was presented in a biochem- 
ical format in an earlier publication (Fish, Johnson, Lawrence, and 
Horning 1955). In this paper, it was suggested that the reaction se- 
quence DMT N-oxide — carbinolamine — N-monomethyltrypta- 
mine might also proceed in the reverse direction in nature, and if true, 
"the sequence is a model “energy ladder' which may be useful in 
studying enzymatic methylation and demethylation reactions" (Fish, 
Johnson, Lawrence, and Horning 1955: 565). To test this hypothesis, 
the action on DMT of a mitochondria-free MAO system derived from 
mouse liver homogenates was investigated. Several transformation 
products were detected, among which were identified DMT N-oxide 
and indole-3-acetic acid. When a mitochondrial preparation of the 
same enzyme was studied, the only product seen was the latter acid. 
Added DMT N-oxide remained unchanged after incubation, from 
which it was concluded that the N-oxide was not an intermediate in 
the formation of indole-3-acetic acid, at least not in the mouse. 
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The work of Fish, Johnson, and Horning (1955), and the discovery 
of DMT N-oxide and 5-methoxy-DMT-N-oxide in another member 
of the Leguminosae, Desmodium pulchellum Benth. ex Baker, prompted 
study of the possible biosynthetic role of these compounds (Ghosal 
and Mukherjee 1966). When 5-methoxy-DMT-N-oxide was treated 
with an aqueous solution of ferrous sulfate and acetic acid, both 5- 
. methoxy-N-monomethyltryptamine and 6-methoxy-2-methyl-1,2,3,4- 
tetrahydro-B-carboline were isolated. This observation in conjunc- 
tion with the known natural occurrence of DMT, bufotenine, gramine, 
5-methoxy-N-monomethyltryptamine, and 5-methoxy-DMT as well 
as the above N-oxides in the same plant species led these authors to 
suggest, “The occurrence of several tertiary amine oxides in a single 
plant species is of considerable biogenetic interest because the amine 
oxides are probably the key intermediates in certain alkaloid bio- 
synthesis" (Ghosal and Mukherjee 1966: 2285). Thus, a biosynthetic 
reaction sequence (starting from tryptophan) in which all of the 
observed indoles could be accounted for was envisioned, with the N- 
oxides playing a prominent role. These workers went so far as to pos- 
tulate “a hypothetical biogenetic route common to all indole bases" 
(Ghosal and Mukherjee 1996: 2286) via the intermediacy of the N- 
oxides. Studies by both Ghosal and Agurell concluded that the 
tryptamine N-oxides were genuine, naturally occurring compounds 
and not artifacts produced under the conditions of extraction (Ghosal 
and Mukherjee 1966; Agurell et al. 1969). 

The effects of bufotenine, DMT, harmine, harmaline, psilocybin, 
and the "laboratory alkaloid" lysergic acid diethylamide on the enzyme- 
catalyzed synthesis and catabolism of serotonin were investigated 
as part of a larger study of the alkaloids of Amazonian visionary 
plants (Hashimoto et al. 1970). The intermediates in this sequence 
were assumed to be tryptophan, 5-hydroxytryptophan, serotonin, 5- 
hydroxyindole-3-acetaldehyde, and 5-hydroxyindole-3-acetic acid. 
The enzymes invoked for these transformations were, respectively, 
tryptophan hydroxylase, 5-hydroxytryptophan decarboxylase, MAO, 
and aldehyde dehydrogenase. Harmine and harmaline were shown to 
be weak inhibitors of MAO and, along with bufotenine and DMT, 
also demonstrated an inhibition of tryptophan hydroxylase. None 
of the compounds studied inhibited 5-hydroxytryptophan decarboxy- 
lase. 
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In a study of psilocin biosynthesis (4-hydroxy-N,N-dimethyltryp- 
tamine, the positional isomer of bufotenine) in higher fungi, it was 
postulated that tryptophan- and tryptamine-epoxides are common in- 
termediates in the formation of both psilocin and bufotenine (Chilton 
et al. 1979). These extremely labile “arene oxides" had been impli- 
cated (Kaubisch et al. 1972) in the monoxygenase-catalyzed hepatic 
metabolism of aromatic compounds. Such a hypothesis might be in- 
voked for organisms such as certain fungi, in which both 4- and 5- 
hydroxytryptamines co-occur, although an equal abundance of each 
isomeric tryptamine might be expected from a nonregiochemical 
opening of a common arene oxide intermediate. However, although 
the co-occurrence of bufotenine and psilocybin in the single species 
Panaeolus retirugis was cited, they do not occur in equal abundance, 
and no other such co-occurrence has ever been reported for any other 
plant species. However, evidence for aromatic hydroxylation via the 
*arene oxide-NIH shift" mechanism has been experimentally veri- 
fied for numerous plant and animal species (Jerina et al. 1971). 

Rivier and Pilet (1971) also discussed the complexity of the bio- 
synthetic relationships of the tryptamines and B-carbolines as part of 
a review of the naturally occurring indole hallucinogens. They in- 
voked certain common enzymatic pathways in the metabolism of 
these alkaloids starting from tryptophan, and their catabolism into 
indoleacetic acid and indolepyruvic acid derivatives. A reaction grid 
with tryptamine itself as a central feature was included. 

The only relatively thorough investigation of alkaloid biosynthesis 
in Piptadenia peregrina (Anadenanthera peregrina) was carried out 
by Fellows and Bell (1971). Using both balance studies and radio- 
labeled precursor feeding, as well as "chemical reasoning" deduced 
from seed extraction results, these researchers discounted the sugges- 
tion of Fish, Johnson, and Horning (1955) that bufotenine was formed 
in the plant by peroxidic oxidation of DMT. Indoles in dormant seeds 
and in three-day-old germinated seedlings were analyzed by paper 
chromatography and high-voltage electrophoresis. Bufotenine, but 
not DMT or the N-oxides, was detected exclusively. After seven days' 
growth, however, the seedlings were found to contain serotonin (5- 
hydroxytryptamine), N-methylserotonin, and tryptophan in addition 
to bufotenine. A series of experiments were conducted in which both 
carbon 14 and tritium-labeled possible precursors D- and L-trypto- 
phan, serotonin, 5-hydroxytryptophan, tryptamine, and DMT were 
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incubated with etiolated stem tissue. After 15 hours, product makeup 
indicated that 80 percent of the label from the precursor serotonin 
was incorporated into bufotenine. In another experiment, only 20 per- 
cent of the labeled D- or L-tryptophan was incorporated. The unnatu- 
ral D-isomer of tryptophan resulted in the formation, in good yield, of 
labeled indole-3-acetylaspartic acid, a compound apparently not found 
in wild P peregrina. None of the label from precursor DMT was 
incorporated into bufotenine. Incubation with labeled tryptamine 
precursor led to incorporation of the label in serotonin, N-methyltryp- 
tamine, and bufotenine, but not in N-methylserotonin. Balance exper- 
iments in which high concentrations of serotonin were used led to 
higher accumulation of N-methylserotonin. The results of these ex- 
periments led the authors to conclude that bufotenine was formed by 
the sequence of steps: tryptophan — tryptamine — serotonin (5- 
hydroxytryptamine) > N-methylserotonin — bufotenine. They sug- 
gested that the key step, that is, the hydroxylation of tryptamine to 
produce serotonin, was due to a unique 5-hydroxylase enzyme pres- 
ent in P peregrina. The partial incorporation of label from the precur- 
sor 5-hydroxytryptophan into bufotenine (via serotonin) was said to 
"merely reflect a lack of absolute specificity in the decarboxylase for 
which L-tryptophan is the normal substrate" (Fellows and Bell 1971: 
2089). This precursor was not considered normal (obligatory) for for- 
mation of bufotenine. 

Many of the limitations discussed at the beginning of this section 
apply to these studies. Although precursor-product relationships seem 
well established, enzyme studies for this genus are lacking. Further 
insights can be gained, however, from the pioneering studies into the 
biosynthesis of these tryptamines in species of Phalaris, a member of 
the Gramineae (grass family) from Australia, conducted by Slaytor 
and colleagues at the University of Sydney. In early work, Baxter and 
Slaytor (1972) invoked the metabolic grid concept to delineate the 
possible biosynthetic relationships among 12 alkaloids along the 
pathways from tryptophan to 5-methoxy-DMT, 7 of which had been 
detected in the plant. Elaborate feeding and trapping experiments 
eliminated only one of the six possible pathways, prompting the au- 
thors to quote Bu'Lock (1965): “[T]he more information which can 
be obtained from precursor-incorporation experiments then the fewer 
clear-cut conclusions there are to be drawn from them” (Baxter and 
Slaytor 1972: 2772). 
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However, with more than a decade of research and the emergence 
of new techniques such as affinity chromatography, enzymes that 
catalyzed decarboxylation, O-methylation, and N-methylation were 
isolated and characterized from species of Phalaris. More exacting tech- 
niques have demonstrated the presence of two very specific N-methyl- 
transferases in Phalaris, one (primary indolethylamine methyltransferase) 
that produces N-monomethyltryptamine (and 5-methoxy-N-mono- 
methyltryptamine) from tryptamine (and 5-methoxytryptamine), and a 
second (secondary indolethylamine N-methyltransferase) that subse- 
quently produces DMT and 5-methoxy-DMT. Both enzymes utilize 
S-adenosylmethionine as a cofactor (Mulvena and Slaytor 1983; for a 
comprehensive discussion of methylation reactions in plant biochem- 
istry, see Poulton 1981). 

The biosynthetic origins of two reduced B-carboline alkaloids 
(compounds 10 and 11, Figure 4.6) in species of Anadenanthera are 
even more obscure than that of the tryptamines. They are included in 
Figure 4.6 to show their chemical relationship to the tryptamines. A 
direct biosynthetic formation of these compounds from the trypta- 
mines 7 and 8 should not be implied. However, a number of possible 
biosynthetic routes to these compounds can be inferred from studies 
of other plant species and other closely related alkaloids. The struc- 
ture of harmine (12, Figure 4.7), isolated from the seeds of Peganum 
harmala L. by Goebel (1841), was determined to be a cyclized 
tryptamine or B-carboline alkaloid (Perkin and Robinson 1919). Not 
long after, the latter workers (Kermack et al. 1921) proposed a 
biosynthetic origin for harmine (and harmaline, 15, Figure 4.7) in- 
volving the incorporation of a two-carbon fragment (acetaldehyde) 
into 6-methoxytryptamine, followed by a two-step oxidation se- 
quence. Such reactions were known to proceed under “mild” condi- 
tions in the laboratory. However, experimental determination of the 
origin of this two-carbon fragment (carbons 1 and 10 in structure 12) 
was to prove elusive for the next 80 years. Slaytor and McFarlane 
(1968) conducted precursor feeding experiments with seedlings of 
Passiflora edulis, a species known to contain harman (14, Figure 4.7). 
The incorporation of radiolabeled N-acetyltryptamine into harman 
suggested that the two-carbon fragment arose by acetylation of trypta- 
mine by acetyl Coenzyme A (CoA) followed by dehydrative cycliza- 
tion to harmalan (17, Figure 4.7) and oxidation to harman. Later, 
however, the same researchers (McFarlane and Slaytor 1972; Nettle- 
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FIGURE 4.7. Chemical relationship of Anadenanthera alkaloids 10 and 11 to 
other naturally occurring carbolines. 


ship and Slaytor 1974) could not demonstrate the incorporation of N- 
acetyltryptamine into eleagnine (18, Figure 4.7) in seedlings of Elaeag- 
nus angustifolia or into harmine in callus cultures of Peganum 
harmala. However, the co-occurrence of harman, eleagnine, and N- 
acetyltryptamine in Prosopis nigra (Gris.) Hieron. (Moro et al. 1975) 
suggested a possible biosynthetic role for such acetamides in some 
plant species. That the two-carbon fragment arose from pyruvate was 
suggested by labeled precursor feeding experiments with young 
plants of P. harmala (Stolle and Groger 1968). 
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Problems associated with the study of biosynthesis and enzymol- 
ogy of secondary plant metabolites through the use of radiolabeled 
precursor feeding experiments in whole intact plants can be partially 
alleviated through the use of cell suspension cultures or cultures of 
specific plant organs such as rootlets. In the laboratory such tech- 
niques can partially eliminate the variability of overall rates of bio- 
synthesis and degradation associated with the stages of development 
of whole plants. Other influences on enzymatic activity and bio- 
synthesis such as physical stimuli (light, temperature), injury, or in- 
fection can be controlled. Even so, such experiments with cultured 
cell lines also have certain limitations. Such limitations have been ex- 
pressed by other researchers (Sasse et al. 1982: 318): 


Secondary metabolic pathways of higher plants are often not 
well expressed in cell culture systems. More biochemical knowl- 
edge especially on the interaction of primary and secondary 
pathways may be very helpful to overcome this behavior of cul- 
tured cells and may prove to be necessary for establishing more 
often high yielding cell culture strains. Such biochemical stud- 
ies can be done by characterizing variant cell lines with different 
levels of secondary metabolites or by inducing secondary path- 
ways in cultured cells. = 


A study of the biosynthesis of the B-carboline alkaloids in hairy root 
cultures of Peganum harmala was only partially successful in identi- 
fying individual biosynthetic steps (Berlin et al. 1993). Although the 
levels of serotonin production were closely related to the level of 
tryptophan decarboxylase activity, there did not appear to be a direct 
correlation with B-carboline formation. Only the last step in alkaloid 
formation, that is, the oxidation of harmaline to harmine, was identi- 
fied with certainty. 

Although close structural similarity of tryptamines and simple 
carboline and reduced carboline alkaloids combined with co-occur- 
rence of both chemical classes in the same plant species suggests 
common biosynthetic pathways, more investigations of their mode of 
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synthesis in nature and the enzymes involved are needed to clearly 
define the actual pathways. 


BIOCHEMICAL SYSTEMATICS OF ANADENANTHERA 


The study of comparative phytochemistry, biochemical systemat- 
ics, or “chemotaxonomy” makes use of chemical constituents of 
plants as characters to be used along with morphological features 
such as flower, leaf, stem, and seed structures in taxonomy. Broadly 
defined, such study is concerned with evolutionary relationships 
among plants. Biochemical information, along with cytological and 
ultrastructural data, are relatively modern supplements to classical 
taxonomy. However, broad comparative phytochemistry has been 
used for centuries by herbalists and pharmacists in grouping medici- 
nal plants according to their “virtues,” qualities related to their active 
chemical constituents. Long before the isolation and structural eluci- 
dation of physiologically active principles from plants became rou- 
tine, botanists, physicians, and herbalists recorded observations such 
as compatibility of grafts, bitterness, and resistance to insect attack as 
elements of chemotaxonomy. Today the main goal of chemotax- 
onomy is to determine how well the distribution of chemical constitu- 
ents correlates with classical taxonomy. Ultimately, this discipline 
seeks to define the chemical structures of the plant genes themselves. 

A chemist interested in plant chemical systematics concentrates on 
the secondary metabolites, constituents of intermediate occurrence in 
the plant kingdom. Primary metabolites, such as sugars, polysaccha- 
rides, and protein amino acids, which have a universal occurrence, 
are of little use in this endeavor. Similarly, seemingly unique chemi- 
cal compounds that have rare occurrence in the plant kingdom are 
only of interest if they can be biogenetically related to similar com- 
pounds in other plants. The determination of biosynthetic pathways 
by which certain chemical constituents are formed is also of impor- 
tance. This is particularly important when comparing obviously re- 
lated plants that produce slightly different compounds having the 
same biogenetic origin. This phenomenon, known as homology (Heg- 
nauer 1962), occurs, for example, when two complex structures differ 
from each other only by a single atom, for example, an oxygen atom 
replacing a nitrogen atom. 
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Many classes of naturally occurring compounds have been used in 
the study of chemotaxonomy. Some of these were discussed earlier 
in the context of general phytochemical investigations of Anadenan- 
thera. Carbohydrates and certain unusual glycosides, complex phe- 
nols such as flavonoids, certain betacyanin and anthocyanin pig- 
ments, terpenoids, and of course alkaloids have all been studied as 
taxonomic markers within the plant kingdom. The alkaloids, of par- 
ticular interest here, were one of the earliest groups of compounds to 
be so studied. This is partially true because of the physiological sig- 
nificance of many alkaloids and also because their basic nature 
simplifies isolation and purification. 

The use of chemical constituents as potential taxonomic markers 
follows closely the classification scheme of the plant kingdom but is 
clearly not useful above the level of orders. Anadenanthera fits into 
botanical classification in the following way: 


Division: Magnoliophyta 
Subclass: Rosidae 
Order: Fabales 

Family: Fabaceae 
Subfamily: Mimosoideae 
Genus: Anadenanthera 


Most chemotaxonomic studies concentrate on the level of family and 
below. For example, Hegnauer and Grayer-Barkmeijer (1993: 11) re- 
viewed general trends in the occurrence of polysaccharides and 
flavanoids in the Leguminosae, noting that 


all three subfamilies [of the Leguminosae] are united by the pos- 
session of 5-deoxyflavanoids and C-glycosylflavanoids, and 
that there is more or less clear distinction between the Caesal- 
pinioideae and Mimosoideae on the one hand, and the Papil- 
ionoideae on the other in a number of flavanoid characters. 


Most chemotaxonomic studies, however, involve even lower levels of 
classification. In the current context, the occurrence of tryptamine al- 
kaloids (with the exception of serotonin and 5-hydroxytryptamine) in 
the Leguminosae appears to be limited to nine genera of the sub- 
family Mimosoideae: Acacia, Prosopis, Petalostylis, Piptadenia, Ana- 
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denanthera, Mimosa, Desmodium, Mucuna, and Lespedeza (Mears 
and Mabry 1971; Smith 1977). Considering that there are approxi- 
mately 13,000 species in the Leguminosae, such occurrence is defi- 
nitely of taxonomic value. 

A number of problems and limitations exist regarding the use of al- 
kaloids as elements in taxonomy. Along with homology, subtle ge- 
netic variations within a population of plants can lead to differences 
in chemical constituents. Such phenomena as hybridization, in which 
members of two genetically distinct species of plants crossbreed, and 
introgression, in which a hybrid individual crosses back with one of 
the “parent” plants, lead to populations that contain various mixtures 
of genetic material. Since natural hybridization is not uncommon, 
and since such events are known, in some cases, to significantly alter 
the genetics of alkaloid formation, the use of alkaloids as chemical 
markers in two closely related species such as A. peregrina and A. 
colubrina or indeed, even between the genera Anadenanthera and 
Piptadenia, must be approached with caution. For a chemist studying 
chemical taxonomy, centuries-long human involvement with such 
genera, including deliberate cultivation and trade in seeds, makes 
awareness of these possible occurrences of acute importance. 

Careful botanical documentation of plants being chemically stud- 
ied is of utmost importance to the chemotaxonomist. Some have con- 
sidered much of the chemical data gathered prior to the mid-twentieth 
century to be of little value in taxonomy. Mears and Mabry (1971: 74) 
have stated that “the major problem in using alkaloid reports for sys- 
tematic studies is not that of the reliability of the chemical data; rather 
it is that the identity of plants studied before about 1965 can rarely be 
verified." Ettlinger and Kjaer (1968: 62) were even more acerbic: 


The necessity of the mechanical features of systematic work, 
the collection and preservation of herbarium specimens and the 
assignment of correct names, tends to be disregarded by most 
chemists. They instinctively rebel, in the first place, against 
what is dimly imagined to be the arbitrary and prescriptive char- 
acter of systematics. . . . Chemists rely on structures as primary 
symbols, seldom pondering names; they object to botanical no- 
menclature . . . because the Latin language and rules of priority 
make it seem antiquarian. Few chemists are at peace with a 
sense of history. 
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Assuming hat all botanical criteria for chemotaxonomic studies 
have been met, other chemical factors may also play a role. Up until 
now, we have only considered the qualitative nature of the chemical 
constituents of plants in the study of chemical systematics. The abil- 
ity of a species to accumulate secondary metabolites may also be of 
importance to such studies. For example, although the alkaloid nico- 
tine occurs as a trace component in many plants, only certain genera, 
such as Nicotiana, have the ability not only to synthesize but to store 
large quantities of this alkaloid. We have seen previously that such is 
also the case with the genus under review here. Reis Altschul (1964) 
suggested that the occurrence of large amounts of bufotenine and re- 
lated alkaloids in the two species of Anadenanthera serves, along 
with morphological characters, as another indication of distinctness 
relative to earlier treatments of the genus and related members of 
Piptadenia. This quantitative factor may be far more important to the 
systematics of these members of the Mimosoideae than trace occur- 
rences of these alkaloids in other leguminous genera. When a second- 
ary metabolite, such as bufotenine, is an end product of a biosynthetic 
sequence instead of merely an intermediate of metabolism in a given 
species, certain limiting factors in its analysis are of less importance. 
Variations in alkaloid content due to stage of development of the plant 
or plant organs under investigation is of less concern. However, we 
have seen (Torres and Repke 1996) considerable variation in bufo- 
tenine concentration (from 3.5 percent to over 12 percent) in seeds 
from individuals of the same population of the same species collected 
from the same geographical region at approximately the same time of 
year. Although the seeds of three members of the genus Anadenan- 
thera have been found to contain relatively (>1 percent) large amounts 
of bufotenine (4. peregrina var. peregrina, A. colubrina var. Cebil, 
and A. colubrina var. colubrina), the fourth member, A. peregrina var. 
falcata, contains a much smaller concentration of this alkaloid. Does 
this mean that the latter species should not be included in the genus 
Anadenanthera? Hardly; generic relationships cannot be established 
on the basis of one character alone, whether chemical or morphologi- 
cal. Yet on the basis of alkaloid content, the fourth species has more 
in common with the seven species of Piptadenia proper (see Appen- 
dix), which have been shown to contain low concentrations of bufo- 
tenine and other indole alkaloids. Should A. peregrina var. falcata be 
reclassified as a species of Piptadenia? Certainly not on the basis of 
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the concentration of a single chemical character. Revisions of both 
genera will have to await further study. Perhaps more detailed investi- 
gations conducted by botanists and chemists working in close collab- 
oration can solve some of the riddles of this most interesting topic. 


APPENDIX: SPECIES OF PIPTADENIA 
FROM SOUTH AMERICA STUDIED 
FOR THE PRESENCE OF ALKALOIDS 





Species Alkaloids Reference 
Piptadenia paniculata Unidentified tryptamines — Fish, Johnson, and Horn- 
ing 1955 
Piptadenia contorta Bufotenine, DMT, un- Yamasoto et al. 1972 
known indole 
Piptadenia contorta Alkaloid positive Reis Altschul 1964; Fish, 
Benth. Johnson, and Horning 
5 
Piptadenia “leprostachya” Theobromine, unknown — Yamasoto et al. 1972 
indole 
Piptadenia leptostachya Alkaloid positive Reis Altschul 1964; Fish, 
Benth. Johnson, and Horning 
1955 
Piptadenia moniliformis  Bufotenine, unknown Yamasato et al. 1972 
indole 
Piptadenia excelsa Bufotenine, bufotenine lacobucci and Ruveda 
N-oxide, DMT 1964 
Piptadenia excelsa “Quaternary alkaloid” Stucker and Paya 1938 
Piptadenia paraguayensis Alkaloid positive lacobucci and Ruveda 
1964 
Piptadenia rigida Alkaloid positive lacobucci and Ruveda 
1964 
Piptadenia viridiflora Alkaloid positive lacobucci and Ruveda 
1964 
Piptadenia communis Alkaloid positive Reis Altschul 1964 
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PLATE 1. Anadenanthera peregrina. Near Bóa Vista, Rio Branco, Brazil. 
Source: Photo courtesy of Richard Evans Schultes. 





PLATE 2. Anadenanthera peregrina in fruit. San Juan, Puerto Rico. Source: 
Photo courtesy of Richard Evans Schultes. 








PLATE 3. Anadenanthera colubrina var. Cebil, Salta, Argentina. Source: Photo 
courtesy of Christian Rátsch. 


*sa1JO | "|J ounuejsuo? Aq ojoug :eainog 
"eunuefuy “eyes 'opreuieg ues 01189 ‘UNI Ul qap "re^ euuqnjoo exeujueuepeuy "v 31V 1d 








PLATE 5. Anadenanthera colubrina var. Cebil, pods and seeds. Misión Wichi, 
General Mosconi, Salta, Argentina. Source: Photo by Constantino M. Torres. 





PLATE 6. Snuffing kit, Tomb 107, Solcor 3, ca. A.D. 570, San Pedro de Atacama, 
Chile. Source: Instituto de Investigaciones Arqueológicas y Museo, coll. #3811, 
Universidad Católica del Norte, San Pedro de Atacama, Chile. Reprinted with 
permission. 
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PLATE 8. Deer-hunting scene, pottery dipper, Moche, north coast, Peru. Source: 


Line drawing by Donna McClelland. Moche Archive, Fowler Museum, University 
of California, Los Angeles. 





PLATE 9. Deer-hunting scene, pottery dipper, Moche, north coast, Peru. Source: 
Line drawing by Donna McClelland. Moche Archive, Fowler Museum, University 
of California, Los Angeles. 
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PLATE 11. Ritual scene from Moche stirrup-spout vessel. Source: Line drawing by Donna McClelland. Moche 


Archive, Fowler Museum, University of California, Los Angeles. 
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PLATE 13. Carved Y-shaped cohoba inhaler, wood, 15.3 cm, Taíno. Fundación 
García Arévalo, Santo Domingo, Dominican Republic. Source: Anthropomor- 
phic Double Inhaler, Wood 15.3 cm, Taíno. Photograph O 1993 Dirk Bakker. 





PLATE 14. “Acrobat” cohoba inhaler, manatee bone, 8.6 cm, Taíno. Fundación 
García Arévalo, Santo Domingo, Dominican Republic. Source: Anthropomor- 
phic White Inhaler, Bone 8.6 cm, Taíno. Photograph O 1993 Dirk Bakker. 





PLATE 15. Zemí with depiction of skeletonized human being, wood, 85 cm, 
Taíno. Private collection, Paris. Source: Line drawing by Donna Torres. 





PLATE 16. Zemí with bird and turtle representation, wood, 66.5 cm, Taíno. Brit- 
ish Museum, London. Source: Line drawing by Donna Torres. 





PLATE 17. Zemíwith twin figures, wood, 77 cm, Taíno. National Museum of Nat- 
ural History, Smithsonian Institution, Washington, DC, Reprinted with permission. 
Source: Double Zemí from Smithsonian Institution, Wood. Taíno. Photograph O 
1993 Dirk Bakker. 
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PLATE 19. Effigy vessel, ceramic, 41 cm, Taíno, Dominican Republic, Source: 
Countesy, National Museum of the American Indian, Smithsonian Institution 


(coll. 4 05/3753) Washington, DC. Photo by David Heald. Reprinted with permis- 
sion. 
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PLATE 20. Map of the central Andes showing location of the most important 
sites mentioned in the text. 1. Huaca Prieta, Chicama Valley, Peru. 2. Chavín de 
Huantar, Mosna River valley (Marañon tributary), Peru. 3. Asia, Omás River ba- 
sin, Peru. 4. Huari (Wari), Ayacucho, Peru. 5. La Real, Aplao, Valle de Majes, 
Peru. 6. Pucara, north Lake Titicaca, Peru. 7. Tiwanaku, Bolivia. 8. Amaguaya, 
Depto. De La Paz, Bolivia. 9. Niño Korin, NE Lake Titicaca, Bolivia. 10. Arica, 
Chile. 11. Pisagua, Chile. 12. Caspana, middle Loa River basin, Chile. 13. San 
Pedro de Atacama, Salar de Atacama basin, Chile. 14. Toconao, Chile. 15. 
Coquimbo, Chile. 16. Copiapó, Chile. 17. Inca Cueva, Puna de Jujuy, Argentina. 
18. Cusi Cusi, Puna de Jujuy, Argentina. 19. Pucará de Tilcara, Quebrada de 
Humahuaca, Argentina. 20. Ciénaga Grande, Quebrada dé Humahuaca, Argen- 
tina. 21. Saladillo Redondo, El Piquete, Jujuy, Argentina. 22. La Paya, Cal- 
chaquí Valley, Salta, Argentina. 23. Tolombón, Yocavil Valley, Salta, Argentina. 
24. Guandacol, La Rioja, Argentina. 25. Iglesia Valley, San Juan Prov., Argen- 
tina. Source: Map by Constantino M. Torres. 








PLATE 21. (top) Tubular pipes, puma bone,13 cm and 11.2 cm, Inca Cueva (IC 
c7), Puna de Jujuy, Argentina. Source: After Fernández Distel 1980: Fig. 5. (bot- 
tom) Tubular pipes, Huachichocana (CH Ill), Puna de Jujuy, Argentina. Left to 
right: coll. # 2040, red sandstone, 27.8 cm; coll. # 2039, red sandstone, 34.7 cm; 
coll. 2037, andesite, 23.8 cm; coll. + 2038, red sandstone, 22.7 cm; Museo 
Arqueológico, Tilcara, Jujuy, Argentina. 





PLATE 22. Whalebone snuff tray, 11.7 x 6 cm, coll. & 41.2.4721; bird and fox 
bone snuff tube, 17.5 cm, coll. 41.2.4722; Huaca Prieta, Chicama Valley, Peru. 
Source: American Museum of Natural History, New York. Line drawings by 
Donna Torres. 
































PLATE 23. Wooden snuff tray, 19 cm, Tolombón, Argentina. Source: Courtesy, 
National Museum of the American Indian, Smithsonian Institution (Heye Foun- 
dation, coll. # 15/1489) New York. Photo by Constantino M. Torres. 





PLATE 24. Wooden snuff trays: (a) Tudcum, 15 cm, Instituto de Investigaciones 
y Museo, Tudcum, Departamento de Iglesia, San Juan Prov., Argentina; (b) 
Angualasto, 16.5 cm (private collection), Departamento de Iglesia, San Juan 
Prov., Argentina. Source: Gambier 2001: Figs. 2, 3. Reprinted with permission 
from Gambier, M. 2001. "The southernmost archeological evidence for snuffing 
in the Central Andes." Eleusis 5:153-157. Copyright 2001 by Eleusis. 





PLATE 25. Snuff tray, wood, decorated area approximately 9.5 cm, Toconao 
Oriente, t. 4229-30. Source: Instituto de Investigaciones Arqueológicas y Museo, 
Universidad Católica del Norte, San Pedro de Atacama, Chile. Photo by Con- 
stantino Torres. Line drawing by Donna Torres. Reprinted with permission. 





PLATE 26. Snuff tray with camelid representation, wood, 15.7 cm, Solcor 3, 
tomb 5. Source: Instituto de Investigaciones Arqueológicas y Museo, Universi- 
dad Católica del Norte, San Pedro de Atacama, Chile. Reprinted with permis- 


sion. 





PLATE 27. Snuffing tube, figure with removable nose, wood, 19.6 cm, tomb 79, 
Solcor 3, San Pedro de Atacama, Chile. Source: Instituto de Investigaciones 
Arqueológicas y Museo, coll. + 2768, Universidad Católica del Norte, San Pedro 


de Atacama, Chile. Reprinted with permission. 





PLATE 28. (a) Stone snuff tray, 12.06 cm, Quiripuju, southern Lake Titicaca ba- 
sin. University of Pennsylvania Museum, coll. # 35636. (b) Stone snuff tray, frag- 
ment, 7.3 cm, Cumana island, Lake Titicaca. University of Pennsylvania 
Museum, coll. + 35515. Collected by Max Uhle, University Museum Expedition, 
1895. 
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PLATE 29. (a) Wooden snuff tray, 18.5 cm, Niño Korin, Bolivia. Várldskul- 
turmuseet (Museum of World Culture), coll. + 70.19.1, Gothenburg, Sweden. (b) 
Wooden snuff tray with avian representation, 17 cm, Niño Korin, Bolivia. Várld- 
skulturmuseet (Museum of World Culture), coll. ++ 70.19.23, Gothenburg, Swe- 
den. Source: Photos by Constantino M. Torres. 





PLATE 30. Wooden snuff tray with gold and spondylus inlays, and its leather 
sheath, 24.6 cm. Amaguaya, Depto. La Paz, Bolivia. Museo Tiwanaku, La Paz, 
Bolivia. Source: Photos by Constantino M. Torres. 





PLATE 31. Wooden snuff tray with Sacrificer representation, eyes inlaid with 
malachite, 18.1 cm, tomb 2196-98, Quitor 5, San Pedro de Atacama. Source: 
Instituto de Investigaciones Arqueológicas y Museo, Universidad Católica del 
Norte, San Pedro de Atacama, Chile. Reprinted with permission. 





PLATE 32. Wooden snuff tray with condor representation, 17.8 cm, tomb 5334- 
41, Coyo Oriente, San Pedro de Atacama, Chile. Source: Instituto de Investiga- 
ciones Arqueológicas y Museo, Universidad Católica del Norte, San Pedro de 
Atacama, Chile. Reprinted with permission. 
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Coyo Oriente, t. 4010 La Real, Valle de Majes, 
San Pedro de Atacama, Chile Peru 


PLATE 33a. Tiwanaku iconography in snuff trays from the south central Andes: 
frontal anthropomorphic representations. Source: Line drawings by Donna 
Torres; tray from La Real, after Garcia and Bustamante 1990: Fig. 3. 





Quitor 5, t. 1994-96 Coyo Oriente 
San Pedro de Atacama, Chile San Pedro de Atacama, Chile 





Sequitor Alambrado Oriental, t. 1618 
San Pedro de Atacama, Chile 


PLATE 33b. Tiwanaku iconography in snuff trays from the south central Andes: 
disembodied rayed head. Source: Line drawings by Donna Torres. 
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Coyo Oriente, t. 3944 Quitor 6. t. 2742 
San Pedro de Atacama San Pedro de Atacama 





Coyo Oriente, t. 5334-41 
San Pedro de Atacama 


PLATE 33d. Tiwanaku iconography in snuff trays from the south central Andes: 
condor. Source: Line drawings by Donna Torres. 
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Coyo Oriente, t. 4049-50 
San Pedro de Atacama 


PLATE 33e. Tiwanaku iconography in snuff trays from the south central Andes: 
camelid. Source: Line drawings by Donna Torres. 





Unknown Provenience Coyo Oriente, t. 5381 Quitor 6. t. 3662 
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Unknown Provenience Quitor 2, t. 3706 Unknown Provenience 
San Pedro de Atacama San Pedro de Atacama San Pedro de Atacama 


PLATE 33f. Tiwanaku iconography in snuff trays from the south central Andes: 
unique or infrequent thematic units. Source: Line drawings by Donna Torres. 
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PLATE 34. Individual Tiwanaku motifs: (a) geometric; (b-c) biomorphic. Source: Line drawings by 


Donna Torres. 
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PLATE 35. Tiwanaku motif cluster samples. Source: Line drawings by Donna 
Torres. 
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PLATE 36. Comparison of frontal personages of diverse provenience. Source: 
Line drawings by Donna Torres. 





PLATE 37a. Bennett monolith, 5.5 m, Semisubterranean Temple, Tiwanaku, 
Bolivia. Source: Photo by Constantino M. Torres. 
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PLATE 37b. Rollout drawing of the Bennett monolith. Source: Adapted and re- 
vised after Posnansky 1945: Fig. 113a. 
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PLATE 38. Ponce monolith, 3.05 m, and details, central courtyard of the 
Kalasasaya, Tiwanaku, Bolivia. Source: Photo by Constantino M. Torres. 
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PLATE 39. (a) Chest pendant, detail, Bennett monolith. Source: Line drawing by 
Donna Torres. (b) Left arm, detail, Ponce monolith. Source: Photo by Con- 
stantino M. Torres. 





PLATE 40. Half-fist snuff trays: (a) Coyo Oriente, tomb 3974, wood, 15.7 cm, 
San Pedro de Atacama. Source: Instituto de Investigaciones Arqueológicas y 
Museo, Universidad Católica del Norte, San Pedro de Atacama, Chile. Re- 
printed with permission. (b) Niño Korin, Bolivia, 10.5 cm, Varldskulturmuseet 
(The Museum of World Culture), coll. + 70.19.33, Gothenburg, Sweden. Source: 
Photo by Constantino M. Torres. 





PLATE 41. Four wooden snuffing tubes: (a) Quitor 5, t. 1973, 21.9 cm; (b) 
Sequitor Alambrado Oriente, t. 1647, 21 cm; (c) Catarpe, 17.8 cm; (d) Solcor 3, 
tomb 50, 18.8 cm. Source: Instituto de Investigaciones Arqueológicas y Museo, 
Universidad Católica del Norte, San Pedro de Atacama, Chile. Reprinted with 
permission. 





PLATE 42. (a) Snuff tray with Heraldic Woman representation, wood with stone 
and wood inlays, 15.8 cm, San Pedro de Atacama, Chile (present location un- 
known). (b) Snuff tray with two anthropomorphic figures, San Pedro de Ata- 
cama. Source: Instituto de Investigaciones Arqueológicas y Museo, Universidad 
Católica del Norte, San Pedro de Atacama, Chile. Reprinted with permission. 





PLATE 43. Snuff trays with alter ego representation, San Pedro de Atacama. 
Source: Instituto de Investigaciones Arqueológicas y Museo, Universidad Cató- 
lica del Norte, San Pedro de Atacama, Chile. Reprinted with permission. 


"uoissiuued uu pejuudeg ‘aly “ewesejy ep opad 
ues ‘ALON [9p Lape pepisisara ‘oasny A seoiBojoenbuy seuoroeBiseau| ep oininsul 
:921nog ‘G JOUND ‘099Z 1 ‘WO /'8| ‘poom 'uonejueseudei Oula; yum Ken HNUS “py FLW Id 





"Uuoissiuued uy pajuudey "eju ‘eweoely 
ep ojpegd UBS “BUON Jap LAI peprsieAiu(3 ‘oasny A seoi&ojoenbuy seuoroeBriseau| ep 
oininsu| 'euinDejwy Luena Jo Áseunoo ojoug :a2unog “WI 6/6 x 8'9€ 'ejueuo oeuo20| LL Ep 
quo) :40LZL # ‘1109 ‘Wd G'8 x t/ge *ejueuo oeuooo| 'gygp QUO, ‘BOEL # 1109 ‘WO ELL 
x £'0g 'ejueuQ oeuo20| 'segp quio ‘GOLLL # ljoo “y uo 67 x 6'9 'euÁeuoindeuo I '/19€ 
quio; :woyog oi do, "eju? ‘eweoeyy ep opad ues ‘sadid awe sejnBuy “Sp 31Wld 





"uoIssiuuad ui pajutiday "ejua "eueoejy ap opad 
ueg 'SUON [ep Ledge pepisisaluo] ‘oasny A seoibojoanbiy sauoloebisenuj 
ep oinmusu| :99nos -anes6 siy} ul punoj sy Buyynus om} jo euo Buimoys 
"eureoejy ep 01pag UBS ‘E JO9JOS “ZL | QUO] ‘NYS ur 1xejuoo jeung "9p 1 Wld 





"uoissiuued yum pejuudeH “apo ‘eweoe}y ep Opad ues ‘SHON 
Jap eangen pepisieAiu() ‘oesny A seoiBojoenbiy seuoioeBiseAu| ep onpysul 
:920n0S “206€ # “1109 1uBreu "xeu uio 9'81 ‘UPIM Xew uro Sr Qu£u) “LOGE + 
“109 3u61eu "xeu WO E'S] ‘pim “KEW uro gG, (1491) 'eureoely ep CIPS ues ‘£ 
Jo9Jog ‘ZL 1 quo] ‘syy Buyynus Bururejuos sBeq uajoom euio1uo Apod “¿y 31V'1d 








PLATE 48. Contents of bag # 3902, tomb 112, Solcor 3, San Pedro de Atacama. 
Leather pouches flanking the snuff tray contained the analyzed powders dis- 
cussed in the text. Source: Instituto de Investigaciones Arqueológicas y Museo, 
Universidad Católica del Norte, San Pedro de Atacama, Chile. Reprinted with 
permission. Photo by Constantino M. Torres. 





PLATE 49. Wooden snuff tray with stone inlays, 18 cm, Caspana, Chile. Source: 
Instituto de Investigaciones Arqueológicas y Museo, Universidad Católica del 
Norte, San Pedro de Atacama, Chile. Reprinted with permission. 











PLATE 50. Map of the northern Andes, Orinoquia and Amazonia, showing loca- 
tion of cultures discussed in the text. 1. San Marcos, Lower Colonche Valley, Ec- 
uador. 2. San Agustín, upper Magadalena River, Colombia. 3. Muisca, middle 
Magdalena River, Colombia. 4. Tunebo, Arauca River, E. Colombia. 5. Airico, 
Meta Prov., Colombia. 6. Jirara, Meta Prov., Colombia. 7. Otomac, Venezuelan 
Llanos (between Orinoco, Apure, and Meta rivers). 8. Pumé, Arauca, Capa- 
naparo, and Riecito rivers, Venezuela. 9. Cuiva-Guahibo, Meta, Apure, and 
Inirida rivers, Colombia. 10. Guahibo, Llanos Orientales, Colombia. 11. Piaroa, 
Ventuari, and Parguaza rivers, S. Venezuela. 12. Yecuaná, Upper Ventuari 
River, Venezuela. 13. Igneri, Trinidad. 14. Yanomamó (Waiká), Upper Orinoco, 
S. Venezuela, N. Brazil. 15. Kaxúyana (Cashuena), Cashorro River, tributary of 
Middle Trombetas, Brazil. 16. Maué, Tapajóz River, Brazil. 17. Mundurucú, 
lower Madeira and Tapajóz rivers, Brazil. 18. Mura, lower Madeira River, Brazil. 
19. Catauixís (Katawishi), Purús River, Brazil. 20. Tuyuka, Tiquié River, Brazil. 
21. Bará, Tiquié River, Brazil. 22. Omagua, mouth of the Napo River, Peru. 23. 
Piro, upper Ucayali River, Peru. 24, Arua, Rio Branco basin, Brazil. 25. Macurap, 
Rio Branco basin, Brazil. 26. Tupari, Rio Branco and Guaporé rivers, Brazil. 27. 
Bororo, upper Paraguay River, Matto Grosso, Brazil. Source: Map by Con- 
stantino M. Torres. 





PLATE 51. Figure holding snail shell, 1.79 m, Mound 5, Alto de los Idolos, San 
Agustín, Colombia. Source: Photo by Constantino M. Torres. 





PLATE 52. Muisca gold snuff trays: (a) Vereda de Radamontal, Cogua, 
Cundinamarca, 6.1 cm, Museo del Oro, coll. + 8479, Banco de la República, 
Bogotá, Colombia. Source: Plazas and Falchetti 1979: Fig. 31. (b) Vereda El 
Roble, Gachancipá, Cundinamarca, 12.4 cm, Museo del Oro, coll. # 6784, 
Banco de la República, Bogotá, Colombia. Source: Torres 1994: 34. Reprinted 


with permission. 





PLATE 53. Tunjo figurines holding snuff trays, gold and copper alloy (tumbaga), 
Muisca, Colombia: (a) 7.8 cm. Source: Courtesy, National Museum of the Ameri- 
can Indian, Smithsonian Institution (coll. ++ 13/1579), Washington, DC. Reprinted 
with permission. (b) Museo del Oro, Banco de la Repüblica, Bogotá, Colombia, 
coll. + 1867. Source: After Pérez de Barradas 1958, 2: PI. 250. Reprinted with 
permission. 
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PLATE 54. Snuffing tube types: (a) Single-cylinder snuff tube for self-administra- 
tion; (b) Y-shaped snuffing tubes for self-administration; (c) V-shaped snuffing 
tube, collaborative administration; (d) V-shaped snuffing tube for self-adminis- 
tration; (e) Double-parallel snuffing tube for self-administration; (f) Single-cylin- 
der snuffing tube, collaborative administration. Source: Line drawings by Donna 


Torres. 
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PLATE 55. Guahibo snuffing equipment, Meta and Vichada rivers, Colombia. 
Museo del Oro, Banco de la Repüblica, Bogotá. Source: Photo by Constantino 
M. Torres. 





PLATE 56. Kaxúyana snuffing equipment: wooden snuff tray with avian and fe- 
line representations and staff with ophidian and avian representations. Francis- 
can Museum, Ipauarana, Paraiba State, Brazil. Source: After Wassén 1967a: 


Fig. 28. 





PLATE 57. Wooden snuff tray with reptilian representation, 37 cm, Maué, Brazil. 
Museum fúr Vólkerkunde, Spix and Martius Collection, no. 534, Munich, Ger- 
many. 





PLATE 58. Snuff tray with insect motifs, wood, 26 cm, Maué, Brazil. Kunsthis- 
torisches Museum, Natterer Collection no. 1376, Vienna, Austria. 
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PLATE 59. Map of the Gran Chaco, showing location of Wichi territory. Source: 
Map by Constantino M. Torres. 


Chapter 5 


The Pharmacology of Bufotenine 


Twelve indole alkaloids have been detected in the genus Anaden- 
anthera. The distribution of these compounds in the various organs 
and vegetative parts of the plants is not uniform. Some are confined to 
the roots, bark, or leaves, others to the seed pods, still others to the 
seeds; many are found only in trace amounts (see Appendix). All 12 
alkaloids have not been found in any single individual of any species 
of the genus. Although many of these compounds have exhibited bio- 
logical activities in animals, this chapter reviews only the pharmacol- 
ogy of bufotenine, consistently detected as the major alkaloidal com- 
ponent of the seeds of every species in the genus, with a concentration 
ranging from 1 percent to over 12 percent of fresh weight. In most in- 
stances, Anadenanthera preparations used in traditional healing prac- 
tices consist only of finely ground seeds. Occasionally, admixtures of 
other plants have been described and verified by chemical analysis. 
Other parts of Anadenanthera such as leaves or pods are rarely added 
to such preparations. Although DMT and 5-hydroxy-N-monomethyl- 
tryptamine also occur in these seeds, their concentrations are so low 
relative to bufotenine that it is unlikely they are of pharmacological 
significance in these preparations. One cannot overlook the possibil- 
ity of synergism, however. 

Pharmacological study of tryptamines occupies a large portion of 
the scientific literature, the study of bufotenine being third in rank, 
surpassed only by its parent compound, 5-hydroxytryptamine (sero- 
tonin) and its close analogue, DMT (N,N-dimethyltryptamine). This 
literature includes studies of the effects of bufotenine on organisms in 
both the plant and animal kingdoms, on isolated tissue systems, on 
natural and cloned neurotransmitter receptor systems, and on intact 
animals and primates, including human beings. Along with the last 
category, some of the more esoteric studies have included the effect 
of bufotenine on adenylate cyclase from liver flukes, sea urchin 


143 


144 Anadenanthera: Visionary Plant of Ancient South America 


embryotoxicity, fish acetylcholinesterase activity, nerve cell action of 
the leech, tonic adductor activity in the clam, teratotoxicity of a 
planarian worm, egg-laying behavior in butterflies, brain activity in 
ants, fluid secretion of the Malpighian tubules of certain insects, and 
excitatory action on snail neurons. The controversy over the effect of 
bufotenine on human beings—cardiovascular toxin or psychoto- 
mimetic?—has occupied investigators for nearly 50 years. The ad- 
vent of the phenomenon known as “toad smoking” or “toad licking” 
in the contemporary world has significantly broadened this debate. 
Another area of contention has been the possible role of bufotenine as 
an endogenous psychotoxin in certain disease states such as schizo- 
phrenia, childhood and adult autism, delusional paranoia, and socio- 
pathic violence. 

This chapter addresses the pharmacology of bufotenine under 
three broad (and often overlapping) categories: (1) whole animal re- 
search; (2) basic pharmacology, including receptor interactions and 
actions with other tissue preparations; and (3) human studies, includ- 
ing behavioral pharmacology. Within this framework, many of the 
previously mentioned studies are discussed. 


WHOLE ANIMAL RESEARCH 


Bufotenine was first isolated in pure form by Handovsky (1920) 
from extracts of the toad Bufo vulgaris L., hence its trivial name. The 
structure of bufotenine was determined by Wieland and co-workers 
(1934), who obtained 5.5 g of pure 3-[2-(dimethylamino)ethy]]-1H- 
indol-5-ol free base from extracts of the combined glandular secre- 
tions of 27,000 toads. Shortly thereafter, the structure of bufotenine 
was confirmed by synthesis (Hoshino and Shimodaira 1936). The 
identity of bufotenine with the alkaloid mappine first isolated from 
the gelben Knollenblütterpilz, Amanita mappa (Batsch. ex Lasch.) 
Quél. (A. Citrina Schaeff. ex S. F. Gray), was established by Wieland 
and Motzel (1953). This ubiquitous occurrence of bufotenine, espe- 
cially the association with the highly toxic genera Amanita and Bufo, 
was to have an impact on its “perceived pharmacology" throughout 
the second half of the twentieth century. 

Pharmacological studies of crude extracts of Bufo skin exudates 
began in the nineteenth century. Phisalix and Bertrand (1893) demon- 
strated that the host animal was not immune to the toxic effects of an 
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injected dose of its own secretion. Within minutes of the injection of 
1.0 milliliter of toad parotid-gland secretion, effects on the movement 
of the toads were observed. Within 15 minutes, the hind legs were 
completely paralyzed, breathing was shallow, heart activity was de- 
creased, and pupils were dilated. It was concluded that the toads were 
not normally affected by the toxin because of compartmentalization 
within the glands. Since then, numerous investigations have demon- 
strated the presence of bufotenine (Erspamer et al. 1967) and related 
indolealklyamines (De Lima et al. 1991) as well as imidazole alka- 
loids (Roseghini, Erspamer, and Endean 1976; Roseghini, Endean, 
and Temperelli 1976; Roseghini et al. 1986), phenethylamines (Rose- 
ghini et al. 1986), cardioactive steroids (Wittliff 1968; Meyer 1966), 
and peptides, including a number of bradykinins (Roseghini et al. 
1989) in nearly 300 amphibian species worldwide. Bufotenine has 
also been found as a constituent of viperid, crotalid, and elapid snake 
venoms (Welsh 1966). The antimicrobial activity of certain of these 
secretions has been partially related to the presence of bufotenine 
(Habermehl and Preusser 1970). Occurrence of bufotenine in am- 
phibians is not confined to skin secretions. It is also present in the 
brain and retina of Bufo bufo, but neither in liver nor pancreas 
(Axelsson et al. 1971). Protection from predation due to toxicity may 
not be the only role played by these amphibian glandular secretions. 
The effects of bufotenine and related indoles on the skin pigmenta- 
tion and blanching process and on the melanin granule aggregation of 
the frog Rana tigrina have also been studied (Bhattacharya et al. 
1971). 

Observations of gross pharmacological effects of crude snuff prep- 
arations and extracts of Piptadenia peregrina seeds on animal physi- 
ology began in the mid-twentieth century. Henker and Huston (1950) 
studied the effects of a hot water extract of the snuff yopo. Rats given 
an intraperitoneal injection of this extract displayed signs of central 
nervous system depression. Within 15 minutes of administration, rats 
were lethargic and unable to walk. An analgesic effect was measured 
by the rat “tail pinch” method. The same lethargy was noted upon ad- 
ministration to frogs, which was accompanied by a much reduced 
heart rate. Raymond-Hamet (1956) demonstrated the hypertensive 
and respiratory stimulant effects of a 10 percent aqueous extract of 
the seeds of P. peregrina (obtained from Fish, Johnson, and Horning 
1955) on the chloralose-anesthetized dog. These effects were aug- 
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mented by pretreatment with adrenaline and antagonized by yohim- 
bine. A crystalline picric acid salt (presumably bufotenine picrate) 
isolated from the aqueous extract duplicated the pharmacological ac- 
tions of the crude extract. 

Granier-Doyeux (1965) reported on studies carried out in 1947 in 
which yopo snuff was administered intranasally to rats and mice. 
Along with gross behavioral effects, marked dyspnea (irregular breath- 
ing) and intense nasal irritation were noted: "As well as the signs of 
drunkenness . . . the rats scratched themselves all over; they seemed to 
be suffering from acute generalized itching, with slight multilocular 
paresthesi" (Granier-Doyeux 1965: 32). Mice showed difficulty in 
walking, and “dragged their bellies along the floor of the cage.” Over- 
all, the effects of the snuff were likened to “a state of drunkenness" 
with a torpid condition and semilethargy noted in the later stages, 
much as had been reported by Henker and Huston (1950). 

The same observation of hind limb paralysis and ataxia was later 
noted by Evarts et al. (1956) in monkeys. This study also commented 
on the initial anesthesia following injection. Evarts suggested that 
these effects were centrally mediated and related to a disorder of 
proprioceptive sensation. In mice, intraperitoneal injection of an 
aqueous extract of Amanita citrina, shown to contain bufotenine, se- 
rotonin, and 5-hydroxytryptophan, also decreased motility (Andary 
et al. 1978). In the same study, the LDsọ for intraperitoneal bufo- 
tenine was found to be 200 mg/kg. 

A fairly detailed study of the effects of pure bufotenine and its qua- 
ternary derivative, bufotenidine, was reported by Alvares-Pereira et 
al. (1963). Both compounds caused a marked rise in blood pressure 
when administered to anesthetized dogs, bufotenidine being about 
seven times more active than bufotenine. This hypertensive effect 
was accompanied by an initial bradycardia followed by a dose- 
dependent tachycardia. Lethal doses caused respiratory arrest. The 
effects of these drugs appeared to be antagonized by both cholinergic 
(atropine) and adrenergic (dibenzyline) blockade. Bufotenidine was 
much more active in all experiments than bufotenine, exhibiting a cu- 
rare-like action on an isolated rat diaphragm-phrenic nerve prepara- 
tion (Alvares-Pereira et al. 1963). 

Other researchers studying bufotenine noted the pressor effect in 
anesthetized rats (Gessner et al. 1960), an antidiuretic effect in rats 
and dogs (Franzen 1961), oxytocic effect in cats (Gessner et al. 
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1961), hyperthermia in rabbits (Jacob and Robert 1966), and a de- 
pressed patellar reflex (knee jerk) in cats (Weidmann and Cerletti 
1959, 1960). These last two effects of substituted tryptamines were 
suggested to be related to psychotropic activity in humans (Cerletti et 
al. 1968; Brimblecombe 1967). In rats, bufotenine was found to pro- 
duce a hypothermic effect that could be blocked by xylamidine (Win- 
ter 1972). A similar drop in body temperature was produced by 
intracerebral injection of bufotenine in mice and was not potentiated 
by noradrenaline (Ratcliffe 1971), suggesting that the drug acted by a 
centrally mediated adrenergic antagonism. Bufotenine was also shown 
to inhibit bronchospasms induced by serotonin-aerosol administra- 
tion to guinea pigs (Courvoisier and Leau 1958), possibly indicating 
that the drug also had serotonin antagonist properties. Bufotenine and 
serotonin were shown to produce an increase in pulmonary perfusion 
as a result of pulmonary vasoconstriction in the dog (Hageman et al. 
1973). The mechanism of this effect was said to be different from that 
of the known vasoconstrictors noradrenaline and histamine. 

Electrophysiological experiments showed the similarity of bufote- 
nine to the catecholamines in stimulating the reticular arousal system 
and depressing the mediothalamic system (Monnier et al. 1960). This 
effect was also shared by caffeine; similar experiments were per- 
formed using cats (Evarts et al. 1955). Electrophysiological record- 
ings were made using electrodes implanted in three brain regions. 
Optic tract responses to light stimuli, lateral geniculate responses to 
electrical stimulation, and cortical responses to supramaximal elec- 
tric shock to the geniculate radiation fibers were measured. Bufote- 
nine and lysergic acid diethylamide (LSD) were found to decrease 
the postsynaptic spike in the geniculate but had no effect on the corti- 
cal response. LSD (but not bufotenine) reduced the response to reti- 
nal photic stimulation. Bufotenine, but not LSD, was also shown to 
produce a marked, but transitory, increase in blood pressure. At 
higher doses (10 mg/kg), bufotenine produced respiratory arrest. In 
similar experiments with rabbits, Himwich (1967) demonstrated that 
intravenous bufotenine in conjunction with intracarotid injection of 
the serotonin precursor 5-hydroxytryptophan produced a sustained 
alert pattern in seven brain regions after transection of the spinal cord 
at the first cervical segment. 

In an extensive electrophysiological analysis of a number of psy- 
choactive drugs measuring the transcephalic direct current potential 
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in anesthetized rats, LSD, DMT, bufotenine, adrenochrome, and 
d-amphetamine were shown to increase frontal negativity in a dose- 
dependent manner (Cowen et al. 1973). Vasoactive substances such 
as serotonin and norepinephrine produced different effects. The con- 
clusion was that these drugs produced this direct current effect by alter- 
ing nucleic acid metabolism in the frontal cortex. The results com- 
pared favorably with voltage phenomena obtained from human beings 
after administration of hallucinogens, suggesting that such use pro- 
duced either long-lasting or permanent changes in brain function. 
Other electrophysiological experiments (Bradley and Briggs 1974) 
suggested that bufotenine (and allied compounds) were 5-hydroxy- 
tryptamine (5-HT) antagonists rather than receptor agonists. Central 
5-HT mechanisms were also invoked to explain the bufotenine-medi- 
ated decreases in ponto-geniculo-occipital waves in cats induced by 
the tryptophan hydroxylase inhibitor 4-chlorophenylalanine (Ruch- 
Monachon et al. 1976; Haefely et al. 1976). 

A prolonged stimulation of prolactin secretion was observed fol- 
lowing intracerebroventricular injection of bufotenine into the lateral 
ventricle of rats (Seeman and Brown 1985). The close structural con- 
gener 5-methoxy-DMT was found to be more active and DMT less 
active than bufotenine. That this was a central nervous system—medi- 
ated effect was demonstrated by the slower onset of prolactin release 
when the drugs were given by peripheral routes. 

Many of these experiments and reports utilized the direct applica- 
tion of bufotenine to central nervous system regions. Other experi- 
ments had shown that peripherally administered bufotenine does not 
readily pass the blood-brain barrier (Sanders and Bush 1967; Taka- 
hashi et al. 1985) and that it is rapidly metabolized. Among the me- 
tabolites are 5-hydroxy-indoleacetic acid (rat, Ahlborg et al. 1968; 
human, Sanders-Bush et al. 1976) and bufotenine-O-glucuronide 
(rabbit, Vigdorchik et al. 1984). Urinary metabolites of DMT and 
bufotenine-O-methyl ether (5-methoxy-DMT) in the rat included sig- 
nificant quantities of their respective N-oxides (Sitaram, Lockett, 
Blackman, et al. 1987) as well as bufotenine and bufotenine glucuro- 
nide (Agurell et al. 1969). Incubation of 5-methoxy-DMT with rat 
liver, kidney, and brain tissue preparations has also been shown to 
produce bufotenine as one of the metabolites (Sitaram, Talomsin, 
et al. 1987; Sitaram, Lockett, McLeish, et al. 1987). Intraperitoneally 
injected bufotenine was found to pass the blood-brain barrier in rats 
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pretreated with the MAO inhibitors pargyline or tranylcypromine 
(Narasimhachari et al. 1979). One study (Fuller et al. 1995) examined 
tissue distribution and metabolism of subcutaneously injected bufo- 
tenine in rats. After one hour the concentrations of bufotenine were 
highest in lungs and hearts while those in brains and livers were 
lower. The concentration and rate of metabolism of bufotenine in 
blood was similar to those in the heart. The half-life of bufotenine 
was about the same in all tissues studied, that is, two hours, with 
clearance from all tissues complete by about eight hours. Distribution 
differences of bufotenine across four different brain regions one hour 
postdose were found to be relatively small. The order of decreasing 
concentrations was found to be hypothalamus » brain stem » striatum 
> cortex. The major metabolite in all tissues was found to be 5-hydrox- 
yindole-3-acetic acid arising by oxidative deamination. N-methylsero- 
tonin, which could arise by enzymatic mono N-demethylation of 
bufotenine, was not detected in any tissue after any dose. Pargyline 
pretreatment significantly reduced 5-hydroxyindole-3-acetic acid con- 
centrations in all tissues suggesting a major role for MAO-A in the 
metabolism of bufotenine. 

The low concentration of bufotenine in brains relative to hearts and 
lungs suggested that the drug did not easily cross the blood-brain bar- 
rier. Nevertheless, these authors noted some significant behavior 
changes in the studied rat population following bufotenine injection. 
The animals were slightly stimulated for 5 to 10 minutes and showed 
some “head searching": 


At 15-20 minutes, rats remained in the center of the cage in a flat 
posture and exhibited some ptosis, leg weakness, vasodilation, 
occasional head searching and sniffing. . .. At 60 minutes, rats 
were slightly depressed and showed some vasodilation and 
piloerection with little ptosis remaining. (Fuller et al. 1995: 801) 


Such gross behavioral changes induced in animals by drugs like 
bufotenine have been studied extensively. Disruption of trained be- 
havior induced by bufotenine has been taken as a measure of its cen- 
tral activity. Mahler and Humoller (1959) showed that bufotenine and 
LSD were effective in prolonging the climbing time of rats trained to 
climb a pole. This effect was said to be inhibited when brain levels of 
serotonin were altered by pretreatment with 5-hydroxytryptophan 
and potentiated by pretreatment with reserpine and iproniazid. Using 
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rats in a conditioned-avoidance response (CAR) experiment, Gessner 
and Page (1962) demonstrated that bufotenine and DMT were less 
active than 5-methoxy-DMT and LSD. This observation, along with 
the assumption that abnormal O- and N-methylating enzymes might 
be present in mammals, prompted these investigators to suggest that 
abnormal tryptophan metabolism could result in mental disturbance. 
This study was further refined and expanded with a statistically sig- 
nificant CAR study of a number of variously substituted tryptamines, 
including a supposed “prodrug” of bufotenine, 5-acetoxy-N,N-dime- 
thyltryptamine (Gessner et al. 1968). A dose-response curve for this 
compound was established and showed an effect significantly differ- 
ent from saline even at 5 micromoles/kg. 

Glennon and colleagues (1979) studied the effects of a series of 
bufotenine esters including the acetate on the 5-HT receptors in rat 
stomach fundus strip preparation (Vane 1959). The ability of these 
esters to inhibit the 5-HT-induced contraction of the strip was taken 
as a measurement of receptor affinity. The order of potency (pA; val- 
ues) was acetate > pivalate = bufotenine = isobutyrate > n-butyrate > 
propionate » 5-methoxy-DMT » DMT. The pivalate ester was said to 
be about one-fifth as active as 5-methoxy-DMT in a rat discrim- 
inative stimulus assay, although the former had about a half-log order 
more potency at the fundus strip. All of the esters had a higher chloro- 
form-pH 7.4 buffer partition coefficient exhibiting from 40 to 300 
times more lipid solubility than bufotenine, suggesting easy central 
nervous system (CNS) penetration from peripheral administration. 

Using a type of CAR known as the swim maze, it was demon- 
strated that bufotenine was much less active than 5-methoxy-DMT in 
prolonging the swim time of trained rats. However, both drugs equally 
antagonized the reserpine-induced decrease in motor activity. Bufo- 
tenine was significantly less toxic than the other drugs studied, show- 
ing an LDso of 290 mg/kg in mice (Ho et al. 1970). 

The effects of bufotenine (and LSD) on nonhuman primates has 
been previously documented (Evarts et al. 1956). Studying maxi- 
mally effective doses of both drugs on nine observable behavioral pa- 
rameters, Evarts concluded that they share a syndrome characterized 
by “gross sensory disorder in the absence of a clear defect in muscle 
power, and by a marked degree of tameness" (Evarts et al. 1956: 51). 
The only observable difference between the two drugs was that 
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bufotenine produced a hyperactivity in deep tendon reflexes of 15 
minutes duration, commencing about one minute after injection. 

Geyer and co-workers (1975) compared the effects of intraven- 
tricularly infused (thus avoiding the complications of the blood-brain 
barrier) serotonin and bufotenine on the air-puff-induced startle re- 
sponse in rats. This type of experiment was said to be useful in assess- 
ing such phenomena as reactivity, sensitization, and habituation. Se- 
rotonin was found to reduce and bufotenine to increase the magnitude 
of the response in a statistically significant manner. The effects of 
bufotenine were similar to those elicited by LSD and DMT, suggest- 
ing that all three activated a septal-hippocampal serotonergic system 
involving a decrease in the firing rate of serotonergic raphe cells. This 
further suggested a functional antagonism between bufotenine and 
serotonin in these systems. 

Dose-dependent myoclonic jerking in guinea pigs induced by 
bufotenine and other tryptamines was shown to be of central origin 
(Luscombe et al. 1982, 1984). This effect was suggested to result 
from stimulation of an indole-selective brainstem 5-HT receptor 
(called the 5-HT receptor), since the nonindolic 5-HT agonist quip- 
azine failed to elicit the response. Bradley and Briggs (1974) had pre- 
viously shown that bufotenine antagonized the excitatory action of 5-HT 
upon the lower brainstem by a non-receptor-mediated event. Bufo- 
tenine has also been shown to produce an increase in motor response 
in young chickens (Rauzzino and Seifter 1967; Mandell and Spooner 
1969), a species said to be exquisitely sensitive to CNS stimulants 
(Dewhurst and Marley 1965). 

Other behavioral effects of bufotenine elicited in animals, such as 
an influence on feeding in rats (Uluitu et al. 1976), gait and postural 
effects in rats (Nir et al. 1974), and anxiogenesis (Bhattacharya et al. 
1996; Spencer and Traber 1987) have been correlated with binding 
potencies at specific serotonin (5-HT) receptor subtypes, such as 5-HT, 4 
and 5-HT, (Spencer et al. 1987). Reduced aggression was an inter- 
esting effect of bufotenine on mice (Kostowski et al. 1972). Among 
the indoles studied, only ibogaine increased muricidal (rat murder) 
activity. Similar results were reported in a study of stress-induced be- 
havior in rats (Winocur et al. 1971). We address this topic further in 
the discussion of tryptamines and mental illness. An indirect sym- 
pathomimetic effect of bufotenine on rabbit heart (Fozard et al. 1978) 
was said to be mediated by a 5-HT receptor. Although both bufo- 
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tenine and serotonin (5-HT) were found to be powerful stimulants of 
rate and force of cardiac contraction, the former was found to be more 
potent in causing atrial and ventricular tension. Bufotenine was also 
found to activate cholinergic nerves in guinea pig ileum (Fozard and 
Mobarok 1976a, 1976b). 

Most of these studies encompass classic pharmacology. In a broad 
sense, the goals of such work are threefold: (1) to understand the 
mechanisms by which drugs exert their effects, (2) to determine how 
natural processes in animals (including humans) are effected and 
controlled, and (3) to use this knowledge to develop medicinal agents 
to treat said processes when they become abnormal. Although much 
can be learned from whole animal studies from the observation of 
cause and effect of drug action, the finer tuning of experimental de- 
sign might lead to a corresponding increase in the understanding of 
drug action on the molecular level. The evolution of receptor theory 
attempts to address this finer understanding. 


BASIC PHARMACOLOGY 


The receptor theory of drug action arose just before and during the 
turn of the twentieth century from the notion that the actions of any 
given drug upon a biological system were a function of its chemical 
constitution (Crum Brown and Fraser 1889). In its simplest form, re- 
ceptor theory can be expressed as the "key and lock" hypothesis. For 
any given drug (the key) to exert an action, it must fit into a specific 
area (the lock) on, in, or near a cellular structure such as an enzyme. 
This defines a receptor as a macromolecular “pocket,” the stimulation 
of which with an extracellular chemical messenger will elicit a spe- 
cific cellular response. 

During the first half of the twentieth century, the study of pharma- 
cology underwent a series of evolutionary changes. Progress toward 
an understanding of drug action in molecular terms led Langley 
(1905) to propose a "specific receptive substance" in biological sys- 
tems with which drug molecules were supposed to react. Erlich fur- 
ther refined this idea with the concept of structural complementarity 
between receptor and drug molecules in which the former were con- 
sidered to be “small, structurally discrete areas from which a biologi- 
cal response emanated following interaction with a complementary 
foreign molecule" (Bloom 1970: 108). 
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Clark (1937) was the first to use a mathematical description of the 
quantitative nature of drug-receptor interaction. This interaction was 
seen as a consequence of mass action between drug and receptor, that 
is, that one drug molecule occupies one receptor and that “the drug is 
present in sufficient excess so that its concentration remains effec- 
tively unchanged during complex formation” (Bloom 1970: 109). 
This treatment, known as occupancy theory (Ariens 1954), defined 
agonists as drugs with high intrinsic activity, that is, with the ability 
to readily produce the observed biological responses. Antagonists 
were seen to be drugs that bind strongly to receptors but are devoid of 
activity. This apparent difference between drugs that supposedly 
could occupy the same receptor can be explained by rate theory 
(Paton 1967), in which agonists are defined as drugs in which the 
rates of association and dissociation with the receptor complex are 
fast and in which drug action takes place as a series of impulses 
within a discrete period of time. Antagonists differ in that their rate of 
associations with the receptors are fast, dissociations being slow 
(Korolkovas 1970). 

Further refinements of receptor theory have included the idea that 
receptors are not rigid entities but rather flexible protein biopolymers 
that can undergo conformational changes as a result of drug interac- 
tions (Belleau 1964). Agonists are seen as molecules that can, for ex- 
ample, transform a receptor on an enzyme from a resting state to one 
in which the enzyme becomes active. Antagonists are said to bind to 
this site in such a way that a conformationally inactive state results, 
inhibiting the role of the enzyme. Such a concept presumes that these 
receptor sites can (and do) interact not only with exogenously applied 
drugs but also with bioactive molecules produced by the organism 
itself. Indeed, modern receptor nomenclature is often based upon the 
names of known natural transmitter substances such as the alpha- and 
beta-adrenoceptors (adrenaline), cholinergic receptors (acetylcho- 
line), and the 5-HT receptors (5-hydroxytryptamine, serotonin). 

The nature of the physicochemical interactions between receptors 
and either natural transmitter substances or exogenous drugs is be- 
yond the scope of this work. The reader is referred to works such as 
that of Korolkovas (1970). However, the measurement of this interac- 
tion is the major goal of radioligand binding experiments (Williams 
and Lefkowitz 1979). In the laboratory, these experiments are carried 
out by incubating a receptor-containing tissue preparation with a so- 
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lution of radiolabeled drug and subsequent separation and quan- 
titation of bound versus unbound radioactive material. Radioligands 
of high receptor specificity can also be used in competitive binding 
experiments in the following way. A constant concentration of radio- 
ligand is incubated along with varying concentrations of unlabeled 
drugs under equilibrium binding conditions. Measurement of the re- 
sulting bound radioactivity results in the quantitative determination 
of binding affinity for the series of test drugs. A direct correlation for 
antagonists can be obtained in this way, and agonists can be deter- 
mined via so-called functional assays, in which changes in receptor- 
mediated cell function are measured. 

Serotonin (5-HT) has been called an ancient neurotransmitter 
(Hartig 1997). It is released from fiber tracts originating in primitive 
brainstem regions. It has been found in ancient species such as 
Drosophila (fruit fly) and Aplysia, and phylogenetic comparisons 
suggest the earliest 5-HT receptors may have appeared 700 million 
years ago (Peroutka 1994). Serotonergic involvement in a wide range 
of CNS functions such as thermo- and motorregulation, pain, appe- 
tite, sleep, sexual function, aggression, mood, anxiety, and neuronal 
development (Keane and Soubrie 1997) has been reported. The role 
of serotonin and 5-HT receptors in the mechanism of action of hallu- 
cinogenic drugs has been the subject of intense and wide-ranging 
study since the discovery that LSD antagonized the effects of seroto- 
nin on smooth muscle (Wooley and Shaw 1954). 

Gaddum (1953; Gaddum and Picarelli 1957) was the first to dem- 
onstrate the existence of two separate types of 5-HT receptors in 
guinea pig ileum preparations. The first was called the D receptor be- 
cause contraction of the strip induced by application of 5-HT was 
blocked by dibenzyline. The so-called M receptor was blocked by 
morphine. Other drugs that antagonized the effects of 5-HT on the D 
receptors included LSD, dihydroergotamine, and 5-benzyloxygra- 
mine. These substances also were found to antagonize the effects of 
5-HT on rat uterus and rabbit ear preparations, suggesting that the D 
receptors were on smooth muscle. Drugs that blocked M receptors 
such as cocaine, atropine, and methadone indicated that it was associ- 
ated with nerve ganglia or other nerve fibers. 

Currently, seven families and at least 14 subtypes of 5-HT recep- 
tors have been classified (Hoyer et al. 1994; Hartig 1997). These re- 
ceptor families are defined by binding and effector-coupling proper- 
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ties. The 5-HT group includes both ligand-gated receptors (5-HT3) 
and G protein-coupled receptors. The latter category consists of three 
classes, depending on the second messenger system to which the re- 
ceptor is coupled. The 5-HT» subfamily is coupled to the activation of 
phospholipase C, whereas the 5-HT family interacts negatively with 
adenylate cyclase, and the 5-HT4, 5-HT¢, and 5-HT families interact 
positively with adenylate cylase (Choi et al. 1994). Some of the 5-HT 
receptors are specific to certain animal species; others are ubiquitous. 
Many 5-HT receptors are found in both the peripheral and the central 
nervous system, some in specific brain regions. The distribution of 5-HT 
receptors in rat brain has been reviewed (Mengod et al. 1997). Other 
receptors, such as 5-HT>p, occur in both humans and rodents, al- 
though their absolute identity has not been established. They are said 
to exhibit about 90 percent homology. Receptor nomenclature is just 
as fluid and subject to revision as is botanical nomenclature. Synon- 
ymy is also an important consideration in both disciplines. For exam- 
ple, 5-HT,c appears identical with 5-HT>c. 

It is known that many serotonergic neuronal cell bodies are clus- 
tered in the raphe nuclei and that the processes of these neurons are 
highly branched, that is, the 5-HT neurons of the raphe innervate all 
brain structures. This distribution means that neuromodulation can be 
exerted over widespread cerebral areas. The differential CNS re- 
gional distribution of 5-HT, subtypes was measured using autoradi- 
ography (Boulenguez et al. 1991). In this study, bufotenine was found 
to have a higher affinity for the 5-HT, 4 sites in the dentate gyrus than 
for the 5-HT y sites in the substantia nigra, both anatomical regions 
in the mesencephalon. The authors suggested that specific ligands 
"could be of great interest for the study of both localization of the 
subtypes at the electron microscope level and of the behavioral impli- 
cations of 5-HT" (Boulenguez et al. 1991: 97). Rats have been shown 
to exhibit stereotypic behavior upon administration of agents known 
to affect 5-HT receptors, specifically mescaline and certain meth- 
oxylated amphetamines (Kulkarni 1973). 

A number of symptoms in this ““S-HT syndrome” can be ascribed to 
selective activation of certain 5-HT subtypes. For example, in rats, acti- 
vation of 5-HT| 4 results in the appearance of lower lip retraction; ac- 
tivation of 5-HT; ¿ results in penile erection; and activation of 5-HT, 
produces “head shakes" (Berendsen et al. 1989). Subcutaneous injec- 
tions of bufotenine (and 5-methoxytryptamine) were shown to induce 
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hind limb scratching in rats (Berendsen and Broekkamp 1991). This 
effect was attributed to specific activation of a peripheral 5-H'T¡ p (or 
a 5-HT¡p-like) receptor. A series of experiments with other centrally 
active 5-HT agents ruled out the involvement of 5-HT,4 B-Hydroxy-N, 
N-dipropyl-2-aminotetralin (DPAT) and 5-HT¡¿/5-HT) (2,5-Dimethoxy- 
4-iodoamphetamine [DOI] and quipazine). The conclusion was that 
bufotenine and other tryptamines were acting as peripheral 5-HT;¡p 
agonists. 

In a study of the pharmacological differentiation of 5-HT receptor 
subtypes, Eglen and collegues (1992) demonstrated the utility of 15 
tryptamine agonists in delineating the presence of specific 5-HT re- 
ceptor subtypes in five different tissue preparations. Bufotenine (but 
not 5-methoxy-DMT) was found to have agonist properties at the 5- 
HT, receptor in both guinea pig ileum and rat esophagus. However, 
bufotenine was shown to have little selectivity between 5-HT|-like 
(canine saphenous vein), 5-HT; (rabbit aorta), or 5-HT, receptor sub- 
types. Bufotenine did exhibit somewhat selective agonist activity at 
5-HT, (guinea pig ileum) sites. 

McKenna and colleagues (1990) conducted radioligand competi- 
tion binding studies with 21 variously substituted tryptamines. Three 
5-HT receptor subtypes were investigated: 5-HT,4 from rat cortex 
(labeled with tritiated DPAT), 5-HT»A from rat cortex (labeled with 
12Siodine-DOD), and 5-HT»g from bovine cortex (labeled with triti- 
ated ketanserin). Bufotenine and psilocin were found to be equipotent 
at 5-HT>, sites (bufotenine, IC59 = 3.5 nM), but the former displayed 
about a hundred times more potency than the latter at the 5-HT 4 re- 
ceptor (bufotenine, IC; = 4.9 nM; psilocin, IC5o = 190 nM). All of the 
compounds studied exhibited much less activity at the 5-HT»g recep- 
tor (bufotenine, ICs, = 370 nM). 

A study of possible heterogeneity of rat and human cortical 5-HT» 
receptors suggested that differential binding of bufotenine and psilo- 
cin (4-hydroxy-DMT) could be explained by the difference in amino 
acid residue number 242 in transmembrane domain 5, serine being 
present in human 5-HT) and alanine in rat 5-HT; receptors (Gallaher 
et al. 1993). Psilocin was found to have a much higher specific affin- 
ity for human (Ki 340 nM) versus rat (Ki 5100 nM) 5-HT5, while 
bufotenine had Ki 300 nM (human) versus 520 nM (rat; tritiated 
ketanserin as ligand). 
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The 5-HT) receptor family has been shown to be of importance in a 
wide variety of central and peripheral functions of serotonin. Central 
nervous system effects include mediation of visionary effects of LSD 
and related amphetamines and neuronal sensitization to tactile stim- 
uli. Cardiovascular effects include change in platelet shape and con- 
traction of blood vessels. The pharmacological characterization of a 
human liver 5-HT>g receptor transfected in COS-1 cells was investi- 
gated by Choi et al. (1994). This particular receptor was also found to 
be expressed in human lungs and hearts and was thought to be useful 
for investigating cardiovascular pharmacology in therapeutic drug 
development. Pharmacologically, there was a strong correlation be- 
tween this receptor and rat 5-HT»p, although agonist affinities corre- 
lated almost as well with mouse 5-HT»g and human 5-HT,p. Com- 
parison of rat, human, and mouse 5-HT»j receptor protein sequences 
showed little homology. In this preparation, bufotenine was found to 
be an antagonist in competitive binding experiments against radio- 
labeled DOI (4-iodo-2,5,-dimethoxy amphetamine). The authors con- 
cluded by stating: 


The implications of this work for drug design are profound: the 
same receptor protein in various mammalian species differ so 
greatly in expression sites and in pharmacological properties 
that a particular non-human receptor may be of very little value 
in the design of human therapeutic agents. (Choi et al. 1994: 
398) 


A study of the ability of 5-HT3 agonists to modulate the release of 
serotonin from superfused rat spinal cord synaptosomes found that 
bufotenine was capable of increasing basal neurotransmitter (5-HT) 
efflux (Monroe et al. 1994). This release was found to be calcium ion 
independent, indicating that this action of bufotenine was not recep- 
tor mediated. Bufotenine was also found to compete for sites labeled 
with tritiated citalopram, a known 5-HT uptake inhibitor. The evi- 
dence suggested that bufotenine was acting directly on the 5-HT 
neuronal membrane transport carrier. Thus, bufotenine gains access 
to the nerve terminal by mimicking 5-HT at the active transporter. 
The authors commented, “The ability of bufotenine to inhibit the car- 
rier mediated uptake of 5-HT into the neuron, while in the same con- 
centration range promote carrier mediated release of 5-HT out of the 
neuron, may appear paradoxical” (Monroe et al. 1994: 281). The par- 
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adox was explained by invoking the fact that the transport carrier is 
partially driven by the concentration gradient across the membrane. 
Since bufotenine disrupts 5-HT storage, a cytosolie concentration is 
produced that is sufficient to promote 5-HT efflux. 

The implication that the 5-HT, receptor subtype mediates tachy- 
cardia was explored in the piglet isolated right atrium (Medhurst and 
Kaumann 1993). A number of tryptamines, including bufotenine, 
were found to act as partial agonists at the piglet sinoatrial 5-HT, re- 
ceptor. The log of the concentration necessary to produce 50 percent 
of the maximum increase in heart rate for bufotenine was found to be 
5.95, slightly higher than that for 5-methoxy-DMT (4.69) and slightly 
lower than for 5-HT itself (7.13). The authors concluded that the 
pharmacological profile for the piglet heart 5-HT, receptor compared 
favorably with results from other 5-HT, preparations from rat esoph- 
agus, guinea pig ileum and colon, mouse embryonic colliculi neu- 
rones, and human atrium. 

Treatment of migraine with selective 5-HT¡p agonists derived 
from N,N-dialkyltryptamines (such as sumatriptan, 5-methylamino- 
sulfonylmethyl-DMT) has added another dimension to the medicinal 
and pharmacological study of tryptamines (Humphrey 1991). AI- 
though the precise mechanisms are unclear, both neuronal and vascu- 
lar hypotheses have been advanced to account for the pathophysi- 
ology of migraine (Ferrari and Saxena 1995). Studies have shown 
that 5-HT;p receptor agonists constrict the large cerebral arteries dur- 
ing attacks, thus decreasing blood flow in these vessels. Nonselective 
5-HT agonists such as ergotamine have been used to treat migraine, 
but agonist potency at 5-HT»A receptors leading to coronary vaso- 
constriction and a host of undesirable side effects, including a rise in 
blood pressure, have limited their utility. A study (Glen et al. 1995) of 
potential new antimigraine drugs (“hemicranolytics,” Muehldorf and 
Repke, personal communication, 1997) included bufotenine in a 5-HT 
agonist assay. The selectivity of bufotenine for the 5-HT y over the 5-HT24 
receptor was marginal, with p[Aso]s (a measure of agonist potency; 
large numbers are better) of 7.3 and 6.8, respectively. 

The trifluoromethylsulfonyl ester of bufotenine (bufotenine triflate) 
and a homologous series of N,N-dialkyl analogs were studied as pos- 
sible antimigraine drugs (Barf et al. 1996). Although all of the triflate 
esters examined displayed agonist affinities for 5-HT y receptors, the 
dimethyl analog exhibited a 10- to 12-fold preference for cloned 5- 


The Pharmacology of Bufotenine 159 


HT ¡pa versus 5-HT¡pg subtypes. These compounds also showed a 
substantial affinity for the 5-HT; 4 receptor in an in vitro assay, al- 
though an in vivo study of the dimethyl analog in the rat failed to 
demonstrate a change in the turnover rate for 5-HT, an effect said to 
be mediated by central 5-HT| 4 receptors. However, in the guinea pig, 
bufotenine triflate did show a pronounced decrease in central 5-HT 
accumulation after systemic doses, indicating good CNS penetration. 
Unlike sumatriptan, bufotenine triflate also caused a significant hy- 
pothermia in the guinea pig, a response attributed to central 5-HT¡p 
receptors. It was also shown to produce small decreases in heart rate 
(bradycardia) and arterial blood pressure in the pig. These effects 
were said to be mediated by central 5-HT,4 and 5-HT;¡p mecha- 
nisms. Its possible utility in the treatment of migraine was demon- 
strated by its ability to constrict porcine carotid arteriovenous anasto- 
moses (Saxena et al. 1996). 

The receptor binding profile of alnitidan, a nonindolic antimi- 
graine drug, at 14 native and cloned 5-HT receptors has been docu- 
mented. In this thorough study, binding affinities for 12 indolic 5-HT 
agonists including bufotenine at a native 5-HT¡p (calf substantia 
nigra) and two cloned human (5-HT¡p, and 5-HT|pg) receptors 
(against tritiated 5-HT) were also reported. Bufotenine did not show 
selectivity between the native and cloned subtypes. However, the 
equilibrium inhibition binding constant in the substantia nigra prepa- 
ration showed an eight-fold higher activity for bufotenine over DMT. 
Interestingly, D-lysergic acid had about the same binding affinity as 
alnitidan in all three binding assays (Leysen et al. 1996). 

The human 5-HT'p receptor is complex partly because it is en- 
coded by a subfamily of two distinct genes located on different chro- 
mosomes, which also show a selective tissue distribution (Jin et al. 
1992; Peroutka and Howell 1994). A certain amount of confusion 
with regard to the nomenclature of the 5-HT;¡p complex also exists. 
The 5-HT|p receptor is synonymous with 5-HT,p,, and S-HT pg is 
also designated as 5-HT¡p, However, human 5-HT}p and 5-HT y re- 
ceptor subtypes are distinct molecular entities that mediate seroto- 
nergic neurotransmission, although the precise function of each re- 
mains to be defined. Pharmacological study is further complicated 
since rodents have a 5-HT y receptor distinct from the human recep- 
tor. Human 5-HT y receptors are highly expressed in brain raphe nu- 
clei and 5-HT}, in striatum, suggesting distinct functional roles for 
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each. Some investigators believe it is the 5-HT,g receptor that is re- 
sponsible for the contractile response of human cerebral arteries, al- 
though the target for antimigraine drugs has been the 5-HT y subtype. 
Others think the two subtypes can be distinguished pharmacologically 
only if both the receptor-binding affinities and functional activities of 
a series of compounds are taken into account (Pauwels et al. 1996). 
Comparison of intrinsic agonist activities and corresponding binding 
affinities at cloned human 5-HT;p and 5-HT|g receptors along with 
the measurement of inhibition of forskolin-stimulated cyclic adeno- 
sine monophosphate (cAMP) formation provided evidence that sup- 
ported a distinct pharmacology for the two subtypes. Bufotenine was 
shown to be a nonselective efficacious agonist, that is, one with ago- 
nist potency close to its binding affinity. At both receptor subtypes, 
bufotenine showed a binding affinity (as measured by the equilibrium 
concentrations for inhibition of tritriated 5-carboxamidotryptamine) 
three times higher than tryptamine and equipotent with the antimi- 
graine drug sumatriptan. 

Jakab and Goldman-Rakic (1998) studied the cellular and sub- 
cellular distribution of 5-HT»A receptors in the cerebral cortex of the 
macaque monkey. Using both light and electron microscopy and 
immunocytochemical techniques, these receptors were detected in all 
five layers of the cortex. The majority of intensely stained (i.e., regions 
of high receptor density) areas were associated with pyramidal neu- 
rons. This suggested that the “apical dendritic field proximal to the 
pyramidal cell soma” is the “hot spot” for 5-HT 4 receptor-mediated 
actions relevant to normal and psychotic functional states (Jakab 
and Goldman-Rakic 1998: 739). The 5-HT»4 receptor density was 
found to predominate over 5-HT p and 5-HT»c receptors in the cor- 
tex. The authors suggested that "the gating mechanisms of apical 
dendritic ion channels may be dysfunctional in psychotic behavior 
states occurring in the acute “positive” phase of schizophrenia or in- 
duced by 5-HT;4 agonist drugs" (Jakab and Goldman-Rakic 1998: 
739). 

Krebs-Thomson, Paulus, and Geyer (1998) studied the influence 
of 5-HT»4 and 5-HT»c receptors on locomotor and investigatory ac- 
tivity in rats. Pretreatment of the test animals with 5-HT antagonists 
specific for each receptor subtype demonstrated that for certain hallu- 
cinogens such as DOI, only contributions from 5-HT»54 receptors 
were important, while for LSD, both 5-HT,A and 5-HT9¢ receptor in- 
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teractions accounted for behavioral effects. In addition, a significant 
contribution from 5-HT; 1 receptors was found to be involved in the 
locomotor activity induced by LSD. 

Competition-binding experiments were conducted using either 
tritiated LSD or tritiated serotonin as radioligand as part of a study of 
binding affinity, agonistic potency, and efficacy of a series of ligands 
at the cloned 5-HT receptor derived from rat striatum (Boess et al. 
1997). Agonist efficacy was determined by measurement of cAMP 
accumulation in a cell preparation using the HEK293 cell line. Sev- 
eral important experimental variables were examined. Binding affini- 
ties for the tryptamines studied were significantly higher (tenfold) 
than for other drugs when [?H]-5-HT was used as li gand. Bufotenine 
exhibited one of the highest affinities, with a pK; (negative log of the 
inhibitory concentration) of 8.35. By contrast, against [?H]-LSD, the 
pK; for bufotenine was 6.95. Several explanations of these results 
were offered. High-affinity ligands such as LSD and 5-HT may ex- 
hibit differences in their mode of interaction with some receptors; for 
example, at the 5-HTg receptor, LSD acts as partial agonist. Tempera- 
ture differences between these two binding assays may also have 
played a role. The [?H]-5-HT studies were conducted at 4? instead of 
the usual 37? to improve the signal-to-noise ratio. It was suggested 
that a lower temperature-stabilized receptor conformation might lead 
either to higher affinity for certain classes of compounds or lower af- 
finity for the radioligand used. The rank order of agonist potency in 
the stimulation of cAMP formation for the tryptamines studied was 
N-monomethyl-5-hydroxytryptamine > bufotenine = 5-methoxytryp- 
tamine > 5-HT > tryptamine. Overall results suggested that a 5-hydroxyl 
group was necessary for full agonist activity at this 5-HTg receptor 
preparation. The 5-HT¢ receptor has also been found in humans, and 
other evidence suggests its presence in a mouse neuroblastoma cell 
line, mouse embryonic striatal neurons, and pig caudate membranes. 
More recent research suggests that the 5-HTg receptor may be of im- 
portance in memory and cognition function, an area of interest in 
Alzheimer's disease (Russell and Dias 2002). 

Site-directed mutagenesis of cloned and expressed human 5-HT;4 
and 5-HT ¢ receptors were used in an attempt to differentiate recep- 
tor selectivities for a series of psychoactive and nonpsychoactive 
serotonergic agents, including bufotenine (Almaula et al. 1996). If it 
is assumed that the initial actions of such drugs occur at the level of 
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receptor interaction, then their receptor selectivities in humans may 
play an important role. However, the demonstration that human po- 
tency of known psychoactive drugs correlates with binding affinities 
for rat brain 5-HT;4 (Glennon et al. 1984) should not be taken to in- 
dicate a definitive role for the same receptor in humans. We have 
already seen that significant differences in ligand affinities exist be- 
tween rat and human 5-HT>, receptors. A single amino acid differ- 
ence between the two receptors has been shown to account for signifi- 
cant pharmacological differences (Johnson et al. 1994). Similarly, 
human 5-HT;, and 5-HT»c receptors also differ by a single amino 
acid residue, serine in the former and alanine in the latter in trans- 
membrane domain 5. In theory, exchange mutations at this point in 
each receptor could allow the measurement of differential effects of 
the mutations on affinity and selectivity of a series of ligands. The 
nonpsychoactive compound mesulergine showed a higher affinity for 
wild-type (nonmutated) 5-HT»c than for wild-type 5-HT?4 or mutant 
5-HT5c. The opposite was seen for LSD, with higher affinity for 
wild-type 5-HT»4 and the mutant 5-HT»c. By contrast, neither bufo- 
tenine nor psilocin showed any significant selectivity or affinity dif- 
ferences between the wild strains of either receptor. Bufotenine and 
psilocin did show significant decreases in affinities for mutant 5-HT, 
receptors. DOI showed higher affinity for both wild-type receptors 
and a decrease in affinity for both mutant strains. The goal of this 
study to determine the role of the point mutation locus in the selectiv- 
ity of 5-HT hallucinogens was only partially met. Of the known psy- 
choactive drugs studied, bufotenine, psilocin, DOI, and LSD, only 
LSD exhibited any selectivity consistent with an important binding 
site at the serine-alanine mutation. The authors concluded: 


This locus may play an important role in determining the neuro- 
behavioral effects of hallucinogens of the ergoline class. . . . The 
current results illustrate the potential difficulties of extrapolat- 
ing those [rat] results to humans. . . . This is especially intriguing 
because the pharmacological actions of hallucinogens of this 
[ergoline] chemical class have been characterized with rat mod- 
els. (Almaula, Ebersole, Ballesteros, et al. 1996: 41) 


Bufotenine was also used as a high-affinity ligand for 5-HT»54 recep- 
tors in another point-mutation study of the 5-HT binding pocket in 
this receptor (Almaula, Ebersole, Zhang, et al. 1996). A previous site- 
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directed mutagenesis study had shown that an interaction between the 
basic nitrogen of the ligand and the carboxyl side chain of the third 
transmembrane helix domain (TMH 3) stabilized ligand binding. 
Furthermore, a three-dimensional computer model of the ligand- 
receptor interaction had suggested a complex array of interactions be- 
tween TMH 3 side chains and specific ligands such as 5-HT. The 
amino group of serotonin was found to bind both with a TMH 3 
aspartate residue and to form a hydrogen bond with a nearby serine. It 
was predicted, and borne out by experiment, that the tertiary amine 
function of bufotenine could not form this second hydrogen bond 
with serine, that is, bufotenine bound with equal affinities at both 
wild and mutant 5-HT>, receptors. 

A similar study (Roth et al. 1997) of site-directed mutagenesis in- 
volving native and cloned 5-HT,A receptors tested the concept that 
high-affinity agonist binding (intrinsic activity) was essential for sec- 
ond messenger production (efficacious agonism). The introduction to 
this study stated, “The molecular mechanisms by which agonists bind 
to and activate G protein-coupled serotonin (5-HT) receptors remain 
major enigmas for modern pharmacologists" (Roth et al. 1997: 576). 
In agreement with previous reports, a point mutation (in this case of a 
highly conserved phenylalanine residue in transmembrane domain 6) 
resulted in a range of intrinsic activities and efficacies for several 
tryptamines, including bufotenine. The data also suggested that 5-HT;4 
receptors exist in both high and low affinity states (conformations). 
No correlation was found between the percentage of high-affinity 
sites and the ability of selected agonists to activate second messenger 
production (phosphoinositide hydrolysis). Bufotenine and 2,5-Dime- 
thoxy-4-methylamphetamine (DOM) were shown to be full agonists 
at the cloned receptor, while DMT and 5-methoxy-DMT behaved as 
partial agonists. Bufotenine also exhibited a 90 percent decrease in 
efficacy at the cloned receptor. By contrast, amphetamines such as 
DOI showed diminished affinities (and numbers of high-affinity 
sites) without corresponding losses of agonist efficacies between the 
native and cloned 5-HT>, receptors. The authors concluded, “[W]e 
demonstrate that the relationship between high-affinity agonist bind- 
ing states and second messenger production is more complicated than 
previously suggested for 5-HT>, receptors" (Roth et al. 1997: 582). 
These types of experiments and the refinement of techniques and 
technology in several related disciplines such as microbiology, com- 
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puter modeling, and receptor pharmacology add to our understanding 
of the second goal of pharmacology, that is, to determine how natural 
processes are effected and controlled. Site-directed mutagenesis of 
receptors expands our knowledge of the nature of drug-receptor inter- 
actions, dynamics of changes in receptor conformations brought 
about by drug and transmitter stimuli, and the receptor transition 
states by which agonists induce the production of second messengers. 
Are the psychoactive effects of tryptamines such as bufotenine, 
DMT, 5-methoxy-DMT, and psilocin/psilocybin mediated by a sin- 
gle receptor? Does this putative “psychotropic receptor” also account 
for the effects of other visionary drugs of the phenethylamine and 
ergoline types? Nichols (1997) reviewed the evidence from animal 
receptor studies (particularly rat) and showed that the 5-HT», receptor 
is intimately involved in visionary phenomena generated by certain 
tryptamines, by the potent DOM and related amphetamines, and to a 
certain extent by LSD. Other investigations have also determined that 
many tryptamines and other psychoactive drugs possess relatively 
high affinities for the 5-HT»c receptor. Earlier thought to be primarily 
associated with the choroid plexus, it has been shown to be the princi- 
pal 5-HT receptor in rat brain, oceurring along with 5-HT»4 receptors 
in distinct but overlapping brain regions (Pompeiano et al. 1994). 
Tryptamine and ergoline (but not phenethylamine) psychoactive drugs 
also share significant affinities for the 5-HT¡ 4 receptor. The 5-HT,4 
receptor is located almost exclusively on the cell membranes of sero- 
tonin neurons in the raphe nuclei. Although these powerful 5-HT¡A 
agonists inhibit raphe cell firing, this cannot account for the complete 
mechanism of action of these drugs, since a number of nonpsycho- 
active 5-HT,4 agonists also share this property (Sprouse and Agha- 
janian 1988). Although many serotonin receptor interactions might 
account for qualitative differences between the various classic hallu- 
cinogens, quantitative differences are harder to rationalize. Signifi- 
cant differences in behavioral potency exist between LSD and the 
tryptamines DMT and psilocin, yet all three drugs exhibit compara- 
ble affinities for 5-HT, and 5-HT» Apc receptors. The prototypic psy- 
chedelic LSD shares a similar clinical profile with the amphetamine 
derivative DOM. Although DOM has high affinity for only two 
monoamine receptors, 5-HT3,/2c, LSD is a very “dirty” ligand, hav- 
ing affinity for seven 5-HT receptors, two dopamine receptors, and 
modest affinity for the two alpha-adrenergic receptors. It is quite pos- 
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sible that the interaction of LSD with these other receptors modulates 
or potentiates its effects. These findings indicate that while affinity 
for certain 5-HT receptors such as 5-HT>, may be a necessary com- 
ponent for visionary activity of certain drugs, it may not be a suffi- 
cient component for all known agents. 

Sophisticated anecdotal accounts (Hofmann 1980; Shulgin and 
Shulgin 1991, 1997; Strassman 1994; Repke et al. 1985; Gómez- 
Jeria et al. 1987) of human experiences with psychoactive com- 
pounds such as LSD, mescaline, DOM, and psilocin, which exhibit 
the full spectrum of psychedelic effects, suggest that administration 
of even minute amounts of these materials can evoke a complex array 
of CNS events. The onset, time course, duration, and nature of these 
effects have been described as unique in the world of known psycho- 
pharmaceuticals (Nichols 1997). It is clear that a single receptor- 
mediated event alone cannot account for the actions of materials such 
as mescaline as described by Lewin (1924) in his work Phantastica, 
or of LSD as discussed by Freedman (1968: 331): 


[O]ne basic dimension of behavior, compellingly revealed in 
LSD states is “portentiousness,” the capacity of the mind to see 
more than it can tell, to experience more than it can explicate, to 
believe in and be impressed with more than it can rationally jus- 
tify, to experience boundlessness and “boundaryless” events, 
from the banal to the profound. 


Nichols (1997: 564) has also commented on the fact that the halluci- 
nogens “do not obey regular dose-response relationships": “[H]igh 
doses do not simply produce effects similar to low doses, but of 
greater intensity. Furthermore, identical doses given to the same indi- 
vidual on different occasions may provoke dramatically different re- 
sponses.” Grof (1975: 32) stated, "I consider LSD to be a powerful 
unspecific amplifier or catalyst of biochemical and physiological 
processes in the brain.” Although receptor-mediated events may be 
part of the spectrum of the action of these drugs, it is more likely that 
they precipitate a series of neurochemical events that might be called 
a neuronal cascade, in which a specialized and sophisticated se- 
quence of receptor activation/deactivation, neurotransmitter release, 
pre- and postsynaptic chemical and electrical events, axoplasmic and 
other cellular transport mechanisms, enzyme activation, and perhaps 
ion efflux/influx as well as other membrane phenomena occur on a 
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specific and well-established (but poorly understood) time scale. 
Even more amazing is that little or no disruption of life-sustaining au- 
tonomic processes occur even as the cascade unfolds in the higher re- 
gions of the CNS. 

Hints that such a concept might be so come from electrophysio- 
logical measurements. Data from such experiments can be obtained 
from single neuron recordings using implanted microelectrodes (in 
animals), from neuronal populations following artificial stimulation 
(evoked potentials), or from electroencephalographic (EEG) studies, 
that is, the recording of spontaneous electrical activity in the entire 
cortex and related subcortical structures, using either implanted macro- 
electrodes or, in the case of human subjects, sensors applied directly 
to the cranium. Some information about the effect of LSD (and 
bufotenine) has been gathered from single neuron studies of the lat- 
eral geniculate, cerebral cortex, pyriform cortex, and dorsal raphe nu- 
clei. A reduction of firing frequency of neurons in these areas upon 
microapplication of LSD was the most common occurrence. In the 
lateral geniculate, bufotenine was found to be more potent than LSD 
or psilocybin in exhibiting this decrease in firing rate (Goldstein 
1975). However, such effects are also seen to occur with the nonpsy- 
choactive ergoline BOL (2-bromo-LSD). Studies using evoked po- 
tentials at the level of the optic nerve have shown that both LSD and 
mescaline (Chweitzer et al. 1937; Koella and Wells 1959) cause 
marked decrease in amplitude of these potentials in both the lateral 
geniculate and the visual cortex. When the site of stimulation is the 
eye itself, an enhancement of the recorded potentials is noted along 
with a striking “decrease in the variability of the latency of the change 
as well as for the amplitudes of the successive evoked waves” (Gold- 
stein 1975: 410). This reduction of variability in evoked potentials is 
a consistent finding with all hallucinogens studied. The use of LSD in 
EEG experiments both in animals and human beings has demon- 
strated a marked induction of arousal through stimulation of the as- 
cending mesencephalic reticular formation. This increase of incom- 
ing signals to the cortex 


might result in a number of distortions of the function of the 
reticular formation and, by extension, of the whole brain. . . . As 
in any other biological system, both the reticular formation and 
the cortex have upper limits in their capacities to handle incom- 
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ing signals. In the case of overload, profound modifications of 
the functional systems occur. (Goldstein 1975: 412-413) 


Modern recording instruments coupled to computer analysis have 
made possible the collecting of EEG data from hundreds of cranial 
sites, thus producing topographical brain maps representing a com- 
plex array of brain electrical fields. A statistically significant EEG 
study (Don et al. 1998) of the effects of ayahuasca (see Ott 1994) on 
humans demonstrated enhancement of the 40 hertz power band from 
recordings from eight scalp sites over the cortex. Although the mea- 
sured activation of the visual cortex and associated sites could not be 
easily correlated with verbal descriptions of phenomenological expe- 
riences during the intoxication, the findings suggested that future 
studies could examine a possible systematic relationship between 
EEG effects and drug-induced phenomena. Indeed, it has been pro- 
posed that the 40 hertz EEG band may serve as a means for embodi- 
ment of internal sensory and cognitive mental activities (Basar et al. 
1984). Other evidence supporting the neuronal cascade theory comes 
from positron emission tomography studies of the psilocybin-induced 
changes in brain function in humans (Vollenweider 1998). Data from 
such research suggests that sensory gating deficits characterized by a 
cortico-striato-thalamo-cortical loop model result in cognitive frag- 
mentation and sensory overload of the cortex. 

A number of conclusions about the biological activities of bufo- 
tenine can be ascertained from the foregoing discussion. Data from 
receptor studies indicate that bufotenine is not a “clean” 5-HT ligand, 
that is, that it has very little selectivity for any single 5-HT receptor. It 
acts on both peripheral and central subtypes in human beings and 
other animals. Its activity at these receptors has been described as 
agonist, partial agonist, and in some cases as antagonist. In some 
cases, the affinity of bufotenine for these receptors is higher than for 
other tryptamine serotonergic agents, including 5-HT itself, and in 
other cases lower. The activity of bufotenine is not limited to the 5-HT 
family of receptors. Antagonism to central adrenergic receptors has 
been suggested. 

In many cases, the receptor affinities of bufotenine are not tissue 
selective. Physiological actions of bufotenine include dose-depend- 
ent effects on both the force and rate of heart contractile responses. 
Constriction (and in some cases vasodilation) of blood vessels in both 
the CNS and periphery have been noted along with effects on blood 
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platelet morphology. The lethal dose (LD5g) of bufotenine in rodents 
has been determined to be between 200 and 300 mg/kg, death occur- 
ring by respiratory arrest. By contrast, the LDso for methamphet- 
amine in mice is 70 mg/kg, for morphine 200-300 mg/kg IV, for 
strychnine about 1.0 mg/kg in rats. Hyperthermic and hypothermic 
effects have been attributed to bufotenine, perhaps involving periph- 
eral and/or central vasculature. Mild MAO inhibitory action has been 
reported for bufotenine. The release and inhibition of serotonin 
reuptake in spinal cord synaptosomes via effects upon the 5-HT ac- 
tive transport carrier have been demonstrated. Although it is gener- 
ally assumed (and verified by experiment) that bufotenine has poor 
blood-brain barrier penetration following peripherally administered 
doses, a number of clearly centrally mediated effects of the drug so 
administered have been reported. Some of these are species depend- 
ent, such as general depression and lethargy in monkeys, stimulation 
and hypermotor activity in chickens, reduced aggression in mice, and 
anxiogenesis in rats. Direct applications of bufotenine to CNS re- 
gions in animals show marked stimulant-like effects as well as stereo- 
typic behavior, especially in rodents. Electrophysiological experi- 
ments have demonstrated that bufotenine causes a marked state of 
arousal in many regions and levels of the CNS in a number of animal 
species. Moreover, several esoteric biological actions of bufotenine 
have been reported that do not fall into convenient categories. 

Using 5-HT-stimulated liver fluke adenylate cyclase as a model for 
predicting hallucinogenic activity in humans, Northrup and Mansour 
(1978) studied the effects of a number of ergolines and tryptamines 
on this activation. Affinity for an apparent 5-HT receptor paralleled 
intrinsic activity. Affinity of LSD for this receptor was about 200-fold 
higher than that of bufotenine. A rank order of affinity among tested 
tryptamines was 5-methoxy-DMT = bufotenine > DMT > N-methyl- 
tryptamine > 5-methoxy-tryptamine. 

The development of fungal pathogens on the surface of host plants 
is influenced by many factors, including the role played by chemicals 
that are leached by rain from the plants themselves (Brown 1922). 
These substances can affect several phases in the development of 
these organisms, including spore germination, germ-tube growth, 
and the formation of infectious structures known as appressoria. The 
species Colletotrichum musae (Berk. & Curt) Arx. produces particu- 
larly distinctive appressoria that cause a latent infection in green ba- 
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nanas, eventually producing anthracnose lesions in ripe bananas. In 
an experiment to determine if chemicals leached from banana skins 
stimulated this fungus, Swinburne (1976) studied the growth of C. 
musae on the Valery clone of Cavendish bananas imported into 
Northern Ireland from Ecuador. Leachate from the fruits was ob- 
tained in the laboratory by spraying a fine water mist on the hanging 
bunches (“hands”) of bananas and collecting the runoff. This leachate 
was shown to greatly enhance both germination and appressoria for- 
mation on conidia of C. musae. Two compounds were isolated and 
identified from the ether-soluble extract of this leachate. The first was 
anthranilic acid, which was positively identified by comparison with 
a known standard. The other was tentatively identified as bufotenine. 
Although the ether-soluble fraction could not account for the total ac- 
tivity of the leachate in promoting appressoria growth, the isolated 
material presumed to be bufotenine did have a positive effect on such 
growth. 

Mammals and plants are not the only organisms on which the ef- 
fects of bufotenine have been studied. A number of reports on insect 
physiology have included such research. The identification of seroto- 
nin in the nervous systems of insects, including arthropods, prompted 
Kostowski et al. (1972) to investigate the effects of several tryptamine 
derivatives, including bufotenine, on the concentration of 5-HT and 
bioelectric activity in the ant, Formica rufa. Injection of bufotenine 
into the abdominal cavity was found to increase the level of 5-HT in 
ant brain significantly over control values. The effect of bufotenine 
on ant brain EEG patterns, however, was not clear. In some cases, the 
amplitude measured in the lobi optici was increased, with no change 
in the frequency. In other cases, the amplitude was decreased, with a 
corresponding increase in the frequency. Interestingly, a close analog 
of bufotenine, 5-hydroxy-6-methoxy-tryptamine, was found to re- 
duce the brain content of 5-HT. The work concluded with the obser- 
vation that ant brain contained higher baseline concentrations of 5-HT 
than vertebrates (or other arthropods) and that higher concentrations 
of 5-HT correlated well with increases in the amplitude of brain EEG 
patterns. 

Bufotenine has also been found to have a diuretic effect in the in- 
sects Rhodnius prolixus (known as the “kissing bug") and Carausius 
morosus (Maddrell et al. 1969), nerve stimulatory activity in the 
subesophageal ganglia of the African giant snail, Achatina fulica (Ku 
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and Takeuchi 1984), heart stimulatory activity in the tobacco horn- 
worm, Manduca sexta (Platt and Reynolds 1986), and the decapod 
crustaceans Astacus leptodactylus and Eriphia spinifrons (Florey and 
Rathmayer 1978), and teratotoxicity in the planarian worm Dugesia 
tigrina (Lenicque 1973). This teratogenic effect was particularly 
striking, with the formation of abnormal regeneration blastema in- 
cluding genuine “janus heads,” that is, regenerated animals without 
tails or pharynx. The parasitic protozoan Entamoeba histolytica is a 
common cause of diarrhea in humans. The E. histolytica lysate- 
induced alteration of active electrolyte transport in rabbit ileum and 
rat colon was found to be inhibited by bufotenine and stimulated by 
serotonin (McGowan et al. 1983). In these preparations, bufotenine 
was shown to decrease both sodium ion and chloride absorption. 

Among other components isolated from the leaves of the mandarin 
orange, Citrus unshiu, 5-hydroxy-N-methyltryptamine, bufotenine, 
and its O-glucoside were found to contribute to the stimulation of 
egg-laying behavior in the swallowtail butterfly, Papilio xuthus L., a 
species that feeds upon its leaves. Bufotenine was found to be a po- 
tent synergist, with a mixture of four flavanoids that stimulated this 
oviposition (Nishida et al. 1990). The concentration of bufotenine in 
the leaves was reported to be 10 ug/g of leaf. Subsequent work 
(Ohsugi et al. 1991) demonstrated that these host-plant stimulants are 
species specific, and that female butterflies can detect the essential in- 
gredients through chemoreceptors on their forelegs. This contact 
chemical stimulus was found to be more important than visual and ol- 
factory clues. 

The involvement of serotonin and related tryptamines in the regu- 
lation of photoperiodic events in such distant taxa as arthropods, an- 
giosperms, and vertebrates has been well established. The mamma- 
lian pineal substance melatonin (N-acetyl-5-methoxytryptamine) acts 
as a mediator of information concerning temporal position and dura- 
tion of darkness (Reiter 1985). This pineal-mediated circadian rhyth- 
micity not only participates in the determination of day length but has 
also been implicated in reproductive cycles (Reiter 1980). The uni- 
cellular dinoflagellate Gonyaulax polyedra has been shown to un- 
dergo a well-defined photoperiodic-induced resting cyst formation 
(Balzer and Hardeland 1992) mediated by the presence of melatonin. 
Deviation in the accuracy of time measurement in Gonyaulax has 
been shown to be less than two minutes per day, making this organ- 
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ism ideal for the study of photoperiodism. An interruption of the en- 
cystment produced by an abnormal photoperiod (short days, light/dark 
cycle 11 hours/13 hours) can be overcome by the administration of 
certain tryptamines. At a concentration of 10-4 molar, bufotenine was 
shown to provoke cyst formation even when given one hour prior to 
darkness. Similar experiments using the isolated eyes of Aplysia spe- 
cies (Corrent and Eskin 1982) demonstrated that serotonin and to a 
lesser extent bufotenine induce a rhythmic phase shift of light- 
induced responses, suggesting a role for 5-HT as a neurotransmitter 
in the circadian time-keeping mechanism in Aplysia. 


HUMAN STUDIES 


Perhaps no more confusing area about the effects of bufotenine ex- 
ists than that of the human use of extracts of members of the toad 
genus Bufo, the original source of the drug. A fair body of literature 
exists detailing the supposed ancient Mesoamerican, Asian, and con- 
temporary Western use of such materials. The reader is referred to re- 
view articles (Davis and Weil 1992; Lyttle et al. 1996) for a thorough 
discussion of this subject. One thing is clear from research on this 
topic: Bufo species are veritable chemical factories whose cutaneous 
exudates contain a host of bioactive substances, of which bufotenine 
is a minor component. Physiological effects of total extracts can 
mostly be attributed to the presence of many toxic cardioactive ste- 
roids such as bufogenin and bufotoxin. 

A report detailing the analysis of material considered to be an al- 
leged West Indian aphrodisiac thought to be responsible for a number 
of deaths in New York City found it to be linked to toad exudates 
(Barry et al. 1996). Originally thought to be of plant origin (Chama- 
kura 1994), the gas chromatographic elution profile of this “Love 
Stone” was found to be identical to that of “Chan Su,” an ancient Chi- 
nese medicinal preparation also derived from toads. Levels of bufo- 
tenine found in the samples ranged from 0.3 to 1.2 percent. Signifi- 
cant quantities of at least five cardiotoxic bufadienolides were also 
detected in “Love Stone.” An intriguing, but unsubstantiated state- 
ment appeared in this paper: “Bufotenine is currently being used as 
both an hallucinogen and an aphrodisiac, and is the latest recreational 


172 Anadenanthera: Visionary Plant of Ancient South America 


drug of abuse appearing in the New York City area” (Barry et al. 
1996: 1072). 

The idea that certain endogenous N- and/or O-methylated trypta- 
mines could be causative factors in mental illness has been persistent 
(Gaddum 1953; Wooley and Shaw 1954; Benington et al. 1965; 
Mandell and Segal 1973; Gillin, Kaplan, et al. 1976). Three lines of 
evidence seemed to suggest that this might be so. First was the dis- 
covery of “psychotomimetic” N- and O-methylated tryptamines such 
as DMT, bufotenine, and 5-methoxy-DMT, which were structurally 
closely related to the mammalian transmitter serotonin (5-HT; Erspa- 
mer and Asero 1952; Rapport et al. 1948) and the natural amino acid 
tryptophan. Second, enzymes (N-methyltransferase, hydroxy O-meth- 
yltransferase, and catechol O-methyltransferase) were discovered 
(Axelrod 1961; Osmond and Smythies 1952) in both rabbit lung and 
human brain that were capable of biologically producing these “ab- 
normal" compounds from serotonin and tryptamine. Third, a bufo- 
tenine-like substance was detected in the urine of schizophrenics but 
not controls (Fischer et al. 1961). This aspect of the theory was stud- 
ied by several groups. Investigating the quantitative variations in uri- 
nary indoles, Brune and Himwich (1962) found that schizophrenic 
patients periodically eliminate larger amounts of indoles, not primar- 
ily in relation to the underlying mental illness but in relation to “mo- 
mentary changes of intensity of certain psychotic symptoms" (325). 

One problem that would have to be accounted for if the overall the- 
ory was to have credence is the short-acting nature and rapid metabo- 
lism of substances such as bufotenine. Since it had been shown that 
the enzyme responsible for the metabolism of bufotenine and DMT 
in humans was MAO-A, then an abnormality in the activity of this en- 
zyme in mentally ill patients relative to “normals” would have to be 
demonstrated (Sanders and Bush 1967; Szára 1956). Subsequently, 
the activity level and substrate specificity of MAO in the brains of 
schizophrenics was found to be similar to those of “normals” (Dom- 
ino et al. 1973). However, platelet MAO activity was shown to be 
higher in a group of depressed patients (Nies et al. 1971) and lower in 
a bipolar group (Murphy and Weiss 1972). The confirmation that 
chronic overproduction of bufotenine and related compounds in the 
human brain could lead to schizophrenia or other mental illness faced 
many obstacles. 


The Pharmacology of Bufotenine 173 


The conclusion drawn in a review of two decades of research on this 
question was that the relationship between schizophrenia and N-meth- 
ylated tryptamines was tenuous (Luchins et al. 1978). Some increase- 
in transmethylation in mental illness could scarcely be substantiated. 
Exacerbation of symptoms in schizophrenia by loading (with “methyl” 
donors) experiments could not be attributed to an increase in the pro- 
duction of methylated tryptamines, and elevated concentrations of 
these substances in schizophrenics could not be conclusively demon- 
strated. 

A study of urinary excretion of bufotenine in a population of vio- 
lent male criminals who had committed or attempted murder or 
"other grave assaults" showed statistically higher rates of bufotenine 
excretion than did a reference group of laboratory personnel (Rái- 
sánen et al. 1984). Quantitative variation in bufotenine excretion was 
seen across this small population, with higher levels detected in pa- 
tients with paranoid symptoms and especially high levels in those 
with a history of violence against family members. Clinical assess- 
ment was done without prior knowledge of the results of the bufo- 
tenine analysis. 

This study was expanded (Karkkainen et al. 1995) to à larger popu- 
lation (112) of violent offenders who had been referred by courts to 
the Psychiatric Clinic of Helsinki University. Urinary bufotenine ex- 
cretion levels were correlated with a number of personality variables 
as determined by the Karolinska Scales of Personality index. Suspi- 
ciousness was positively and socialization was negatively correlated 
with bufotenine excretion. Highest excretion levels were found in pa- 
tients considered to be violent and to have paranoid personality traits. 
Other factors in this population, such as a history of drug use, were 
taken into consideration. Patients who were on prescription antide- 
pressants were also found to excrete higher levels of bufotenine. In 
summation, the investigators noted: 


On the basis of the present investigation, it is unlikely that the 
tissue bufotenine levels in the suspicious violent offenders were 
the cause of paranoid or other abnormal behavior. . .. The role of 
the transmethylation pathway of indoleamine metabolism in the 
mechanism of drug action or in the etiology of psychiatric dis- 
ease is completely unknown at present. (Karkkainen et al. 1995: 
151) 
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The MAO inhibitor nialamide was found (Karkkainen and Raisanen 
1992) to significantly increase the urinary excretion levels of bufo- 
tenine in a “normal” male. Blood plasma levels required for such high 
excretion in urine were said to be not far from those that produce psy- 
chic symptoms in humans. 

An unusual serotonin metabolic degradation pathway in the Japa- 
nese toad, Bufo bufo japonicus, leading to high brain concentrations 
of bufotenine in toad brains (Takeda et al. 1995) was reported. It was 
suggested that this toad could be an animal model for the study of 
such aberrant (for human beings) metabolism, possibly leading to an 
understanding of some forms of mental illness. For example, it was 
possible to distinguish autistic patients from controls from an exami- 
nation of chromatography patterns of substances excreted in the 
urine. Among these substances, bufotenine was consistently found at 
higher levels in autistic patients (Takeda et al. 1995). The severity of 
symptoms of the disease were found to positively correlate with these 
levels. 

One report (Farber et al. 1998) explored the possible protective 
role of serotonergic agents in a special kind of schizophrenia, that in- 
duced by the N-Methyl-D-aspartic acid (NMDA) antagonists phen- 
cyclidine and ketamine. This drug-induced syndrome, thought to be 
mediated by NMDA receptor hypofunction, involves a complex 
mechanism of disruption of both the NMDA excitatory system and 
the gamma-aminobutyric acid A (GABAA) inhibitory transmitter 
system. Since it is known that serotonergic innervation of GABAergic 
systems occurs via 5-HT» receptors, it was postulated that activation 
by 5-HT>, agonists might restore inhibition to this network and pre- 
vent neuronal injury. This hypothesis was verified when it was dem- 
onstrated that the 5-HT>1pc agonists LSD, DOM, DOI, and 2,5- 
Dimethoxy-4-bromoamphetamine (DOB) afforded protection in a rat 
model of NMDA antagonist-induced neurotoxicity. The nonpsycho- 
active ergoline compund lisuride, a selective 5-HT», agonist, also af- 
forded protection, suggesting that the visionary effects of LSD and 
the other agents were mediated solely by 5-HT»c receptor agonism, 
thus resolving the apparent contradiction that known hallucinogens 
might alleviate the symptoms of NMDA antagonist-induced psychoses. 

The study of the effects of bufotenine on human beings is a long 
and often twisted road spanning the last half of the twentieth century. 
Only now, at the beginning of a new century, with renewed interest in 
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the study of current shamanic use of bufotenine-containing snuffs 
from South America, have we come full circle: not that the study of 
this interesting molecule, nor the controversy surrounding its human 
effects, will end with the beginning of the twenty-first century, but 
perhaps some of the pharmacological mythology and misunderstand- 
ings can be put to rest. 

The first reported human "clinical" trial of pure bufotenine (Fabing 
and Hawkins 1956) took place on October 12, 1955, using four 
young, healthy prisoners at the Ohio State Penitentiary. The drug was 
supplied by chemists from Upjohn Laboratories who had recently de- 
veloped a convenient synthesis of the molecule (Speeter and Anthony 
1954). Much of the short paper by Fabing and Hawkins bears quoting 
here, because of its firsthand descriptions of the effects of bufotenine. 
Four of the subjects received single intravenous doses of 1, 2, 4, and 8 
mg bufotenine as the creatinine sulfate derivative in sterile distilled 
water. The second subject, who had been given the 2 mg dose, was 
given an additional 16 mg 90 minutes later. 

Within one minute of the beginning of the injection (1 mg, but be- 
fore the injection was finished) the first subject complained of “a tight 
feeling in the chest" and a prickling sensation in his face “as if he had 
been jabbed by nettles.” This was accompanied by a “fleeting sensa- 
tion of pain in both thighs and a mild nausea.” The effects passed 
within six minutes, and no significant change in blood pressure nor 
pulse was noted. (Reprinted with permission from Fabing, H.D., and 
J.R. Hawkins. 1956. “Intravenous bufotenine injection in the human 
being." Science 123: 886-887. Copyright 1956 AAAS.) 

The second subject (2 mg) received the injection over the same 
three-minute period. Within the first minute he felt “a tightness in his 
throat" and the sensation of a racing pulse, although measurement of the 
pulse remained at the base rate of 84. Tightness in the stomach, tin- 
gling in both pretibial areas, and the development of a purplish hue 
about his face all passed in about seven minutes. Again, blood pres- 
sure and pulse rate remained near normal. 

The third subject (4 mg) reported much the same initial effects. In 
addition, he complained of “chest oppression" and stated, “a load is 
pressing down from above and my body feels heavy.” A “numbness 
of the entire body" and “a pleasant Martini feeling—my body is tak- 
ing charge of my mind.” Pupils were dilated and bilateral nystagmus 
was present. Within a minute after the injection he reported, “I see red 
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and black spots—a vivid orange-red—moving around.” The spots 
changed in size and shape and persisted for two minutes. His face 
perspired and became “purplish,” a color that persisted for about 15 
minutes. After the experience, the subject stated that it was difficult to 
concentrate, but that he “had a feeling of great placidity during the ex- 
periment” (Fabing and Hawkins 1956: 886). No significant blood 
pressure nor pulse rate changes were seen. 

The fourth subject (8 mg) developed an immediate sense of light- 
headedness, a burning sensation in his face, which turned purple, 
nausea, and a transient hyperpnea (labored breathing). His pupils 
were “grossly dilated” and moderate nystagmus was present. As the 
needle was withdrawn, the subject “blurted”: 


I see white straight lines with a black background. I can't trace a 
pattern. Now there are red, green, and yellow dots, very bright, 
like they were made out of fluorescent cloth, moving like blood 
cells through capillaries, weaving in and out of the white lines. 
(Fabing and Hawkins 1956: 886) 


This visual experience was “present with eyes both open and closed, 
facial sweating and purpling was intense, nausea had abated, and the 
subject felt calm.” The visual phenomena were fleeting and disap- 
peared after two minutes. Eleven minutes later the subject appeared 
normal and stated, “Even at the height of this, my mind felt better and 
more pleasant than usual.” There was no significant change in blood 
pressure nor pulse rate during this experiment. 

Undaunted by the apparent transient episode of respiratory arrest 
in subject 4, the investigators pressed on. Subject 2 was given a sec- 
ond dose (16 mg) 90 minutes after receiving the 2 mg dose. A burning 
sensation in his mouth, generalized body tingling, a “livid purple” 
face, and nausea were apparent almost immediately. During the third 
minute, the subject vomited and stated “my chest feels crushed.” As 
the needle was withdrawn, “he saw red spots passing before his eyes 
and red-purple spots on the floor, and the floor seemed to be very 
close to his face” (Fabing and Hawkins 1956: 887). 

Within two minutes these visual components were gone, but they 
were replaced by a yellow haze, as if he were “looking through a yel- 
low lens filter.’ His attempt to subtract serial 7s from 100 was aban- 
doned because of many errors. His face “remained deeply purple and 
sweating was profuse.” Nine minutes into the experiment, the subject 
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stated, “Words can't come. I can't express the way I feel. My mind 
feels crowded.” At 12 minutes there was a “fleeting return of red 
spots before the eyes.” At 16 minutes he said, “When I start on a 
thought, another one comes along and clashes with it, and I can't express 
myself clearly" (Fabing and Hawkins 1956: 887). At the twenty-fifth 
minute, “I feel dopey but not sleepy. I feel physically tense and men- 
tally clouded. I am here and not here.” At 40 minutes, “I feel better, 
but I still feel like I want to walk it off—like a hangover.” His face as- 
sumed a normal color after 60 minutes. Again, no significant changes 
in blood pressure or pulse rate were noted. The investigators correctly 
summed up the overall experiment: 


... that the drug is hallucinogenic, that there is a linear progres- 
sion in symptoms as dose increases, and that its effects are remi- 
niscent of LSD and mescaline but develop and disappear more 
quickly, indicating rapid central action and rapid degradation of 
the drug. (Fabing and Hawkins 1956: 887) 


This experiment, especially the 16 mg dose, would today be deemed 
clinically improper. Some have used the word “shoddy” and have 
criticized this study at great length. However, apart from two trou- 
bling aspects, those of the potential for respiratory arrest and the pur- 
ple faces, indicating serious peripheral vasoconstriction and anoxia, 
the descriptions of the effects of bufotenine are congruent with those 
of other classic hallucinogens, DMT, mescaline, LSD, psilocin, and 
DOM. The early body sensations, pupil dilation, the colored visions, 
distortion of surroundings, loss of words, alteration of time and space 
perception, a “rush” of thoughts, a general feeling of well-being, mild 
hyperthermia, and (at the higher dose) a “waxing and waning” of ef- 
fects, even the desire “to walk it off,’ are all part of a classic halluci- 
nogenic experience. 

Turner and Merlis (1959) conducted a clinical study of the effects 
of Anadenanthera snuff preparations and pure bufotenine (and DMT), 
using schizophrenic patients at the Central Islip State Hospital in 
New York. In addition, one of the authors tested the effects of the 
snuff on himself. The possible connection between mental illness and 
these tryptamines, particularly bufotenine, served as the impetus for 
this study. The authors stated: 
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It might be reasoned . . . that the nonschizophrenic has enzyme 
systems . . . which are capable of rapid destruction of a trypto- 
phan-containing polypeptide . . . and that this destruction goes 
on via serotonin in these persons, whereas in schizophrenia this 
does not occur. Under these conditions it might not be possible 
to render a normal person the equivalent of a schizophrenic [by 
administering “psychotomimetics”]. . . . On the other hand, the 
introduction to the already burdened schizophrenic of a sub- 
stance which would specifically increase his metabolic load 
might aggravate . . . a psychosis. (Turner and Merlis 1959: 122- 
123. Reprinted with permission from Turner, W. J., and S. Merlis. 
1959. “Effect of some indolealkylamines on man” A.M.A. 
Archives of Neurology and Psychiatry 81: 121-129. Copyrighted 
O 1959, American Medical Association. All Rights reserved.) 


Two samples of indigenous snuffs thought to be from Anadenanthera 
seeds and an "artificial" snuff prepared by pulverizing seeds, ob- 
tained from the National Institutes of Health from the same batch 
studied chemically by Fish and known to be from that species, were 
utilized (Fish, Johnson, and Horning 1955). The largest dose of snuff 
employed by one of the investigators was half a gram, containing 
about 6 mg bufotenine. At this dose, no discernible intoxication could 
be induced. Since it was known at the time that native peoples rou- 
tinely ingested 10 g of snuff containing perhaps 100 mg of alkaloid 
(mostly bufotenine) in a single dose, the outcome of Turner's experi- 
ment is not surprising. The native use of this snuff must have been an 
"acquired taste” since the investigators reported, “It [the snuff bolus] 
could be retained [in the nostrils and sinus cavities] only for about 
three minutes before violent gagging, coughing, and sneezing led to 
rejection of most of the mass" (Turner and Merlis 1959: 123). The na- 
sal inhalation of 6 to 10 mg of pure bufotenine (as the creatinine sul- 
fate) likewise did not cause inebriation, although symptoms similar to 
the early phase of IV studies reported by Fabing were noted, that is, 
“a feeling of fear, associated with flushing of the face, lacrimation, 
tachycardia and tachypnea.” A letter from Dr. Harris Isbell (from the 
U.S. Public Health Service Hospital in Lexington, Kentucky) sum- 
marizing his own experiments, was quoted: “No subjective effects 
were observed after spraying [intranasally] with as much as 40 mg of 
bufotenine (creatinine sulfate)" (Turner and Merlis 1959: 123. Re- 
printed with permission from Turner, W. J., and S. Merlis. 1959. 
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“Effect of some indolealkylamines on man.” A.M.A. Archives of 
Neurology and Psychiatry 81: 121-129. Copyrighted O 1959, Ameri- 
can Medical Association. All Rights reserved.). 

The IV injection of bufotenine into schizophrenic patients was an- 
other matter. The administration of 20 mg bufotenine to one subject 
over a 77 minute interval produced (as one would expect) no psycho- 
logical changes. Minor physiological changes were limited to a 
"slight decrease of alpha voltage and the appearance of some 5- to 7- 
cycle activity in the EEG." When the same subject received a 10 mg 
dose over a 50 second period, "the effects were extreme": 


At 17 seconds there was flushing of the face. At 22 seconds 
there was maximal inhalation followed by maximal hyperventi- 
lation, as to both rate and volume. This persisted for about two 
minutes, during which time the patient was unresponsive to 
stimuli, her face was reddish blue (“plum-colored”), and she be- 
came slightly restless. . . . There was intense salivation . . . the 
present subject could have . . . drowned in her own saliva and 
had to be turned on her side. (Turner and Merlis 1959: 124) 


The subject's pulse rate rose slightly without much change in blood 
pressure. 

Several patients were given IV doses of bufotenine as they were 
coming out of insulin-induced coma or following electroconvulsive 
therapy on the assumption that “fear associated with the injection 
could be avoided.” Several others were given bufotenine in conjunc- 
tion with doses of reserpine and chlorpromazine. These experiments 
nearly proved fatal (by respiratory arrest) and the details need not be 
reiterated here. In summation of the bufotenine experiments, Turner 
noted: 


Psychologically, we have not noted any evidence that the pa- 
tient's psychosis was aggravated, or relieved, either immedi- 
ately following injection or later. It is true that at higher doses 
patients became frightened to an extreme degree, and one might 
expect thereafter accentuation of their defenses; but this did not 
occur. (Turner and Merlis 1959: 124) 


However, it was known at the time that most chronic schizophrenic 
patients do not report visual hallucinations after intravenous adminis- 
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tration of mescaline. A further quote from a letter from Dr. Isbell re- 
ported that “elementary visual hallucinations after intramuscular 
doses of 10 to 12.5 mg (bufotenine) . . . consisted of a play of colors, 
lights, and patterns” (Turner and Merlis 1959: 124). 

Intramuscular doses of 5 to 50 mg N,N-dimethyltryptamine were 
also given in this study. Low doses (10-25 mg) produced many of the 
same peripheral and physical symptoms as bufotenine, including facial 
flushing and mydriasis, some anxiety, and restlessness. A near-fatal 
episode occurred following the intramuscular injection of 40 mg 
DMT into one patient. Symptoms included extreme tachycardia, a 
rapid fall in blood pressure, extreme cyanosis, and auricular fibrilla- 
tion. A brief cardiac arrest necessitated vigorous cardiac massage in 
order to save the subject. At 50 mg, however, one patient noted: 


[T]he injections made her feel like an animal; she saw the nurses 
as rubber dolls and the walls as crumbling paper. This was like 
she had felt six years before, when she had come to the hospital; 
lately she had been better and did not like to have these things 
happen again. (Turner and Merlis 1959: 125) 


Control injections with saline apparently did not produce such ef- 
fects. The investigators could obviously draw no conclusions about 
theories of schizophrenigenesis from this study, and certainly none 
regarding the pharmacology of Anadenanthera snuffs. They did state, 
however: 


[T]he difficulties become so great that we must reject bufo- 
tenine and DMT as capable of producing the acute phase of 
cohoba intoxication. . . . In a field where experience may be so 
fallacious and judgment so difficult, we do not feel justified in 
making further statements. (Turner and Merlis 1959: 127-128) 


The experiments that were made by these investigators were, how- 
ever, enough to put the lid on human experimentation with bufotenine 
for the next 20 years. 

The work of Turner, and to a lesser degree that of Fabing, could be 
considered unethical and experimentally flawed. Fabing clearly showed, 
through anecdotal reports, that bufotenine was hallucinogenic, al- 
though not without troubling side effects. It is not known to what de- 
gree the patients in the Turner study were compromised by other psy- 
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chopharmaceuticals that might have been prescribed for them during 
their confinement in the institution. Turner's experiments also showed 
that bufotenine had some central effects, although in the end he ignored 
the letter from Isbell containing comments about “colored visions.” 

The experiments by Fabing and Hawkins and Turner and Merlis 
have convinced many authors (Brimblecombe and Pinder 1975; Chil- 
ton et al. 1979; Davis 1988; Holmstedt and Lindgren 1967b; Kety, in 
Osmond 1956; Lyttle et al. 1996; Mandell and Morgan 1971; Migli- 
accio et al. 1981; Repke et al. 1981; Shulgin 1981a) that bufotenine is 
simply a cardiovascular and respiratory toxin. Perhaps the appalling 
nature of these studies involving the use of prison inmates and the 
mentally ill have reinforced this negative view and prevented a more 
rational appraisal of the actual results. The Turner study also reported 
a number of experiments using DMT and LSD, one of which proved 
as nearly fatal as the bufotenine/chlorpromazine episode. One won- 
ders why the negative stigma of this work firmly attached itself to 
bufotenine and not to DMT. Perhaps those who wished to embrace 
and promote “psychedelic culture" sought to distance bufotenine 
from the supposedly more sacramental and benign DMT. The associ- 
ation of bufotenine with toads (Lyttle et al. 1996) and European 
witchcraft (Harner 1973), its connection to the poisonous mushroom 
genus Amanita, dubious association with Viking berserkers (Fabing 
1956), and the possible implication of bufotenine as an endogenous 
psychotoxin conspired with these clinical studies to taint this *black 
sheep" of the tryptamine family. 

In a study of the metabolism of carbon-14-labeled bufotenine, low 
doses (0.2 mg and 1.0 mg) of the drug were administered to two hu- 
man volunteers (Sanders-Bush et al. 1976). The major metabolite (in 
urine) was found to be 5-hydroxyindole acetic acid. The subject re- 
ceiving the 1 mg dose described a brief “tingling sensation in arms 
and hands,” symptoms that had also been reported with a similar dose 
by Fabing (Sanders-Bush et al. 1976: 1409). 

Thirty years after Fabing's experiment, McLeod and Sitaram (1985) 
published a report on IV administration of bufotenine to a “medically 
trained volunteer subject" The work was conducted at St. Vincent's 
Hospital, University of Melbourne, and had been prompted by an ear- 
lier finding by the same group of a compound tentatively identified as 
bufotenine in the urine of schizophrenics. Intranasal application of 2 
to 16 mg bufotenine (as the oxalate salt) produced no symptoms other 
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than a degree of intense local irritation. Intravenous injection of 2 to 4 
mg bufotenine produced moderate anxiety, while injection of 8 mg 
over a three-minute period produced 


profound emotional and perceptual changes, involving extreme 
anxiety, a sense that death was imminent, and a visual distur- 
bance which was associated with color reversal and distortion, 
such as might be seen in a photographic negative. (McLeod and 
Sitaram 1985: 447. Reprinted with permission from McLeod, 
W. R., and R. R. Sitaram. 1985. “Bufotenine reconsidered.” 
Acta Psychiatrica Scandinavica 72, 5: 441-450. Copyright 1985 
by Blackwell Publishing.) 


Intense facial flushing but no difficulty in breathing was noted. Fol- 
lowing the report of the subject (a transcript of which was included as 
an addendum to this paper), it was decided the “further experimenta- 
tion on this, or any other subject, would not continue" (McLeod and 
Sitaram 1985: 447). The administered dose of bufotenine was found 
to be rapidly eliminated from the bloodstream with a concomitant 
rapid appearance in urine. Some of the verbatim transcript follows: 


I had an experience of panic unlike anything I had ever experi- 
enced before. . . . As the injection proceeded I had yet again the 
sense of wanting to call a stop. . . . The faces around me re- 
mained the same, but were at the same time different. Each 
seemed to have a transparent mask, smaller than the face itself, 
superimposed over it, giving . . . even a sense of evil. . . . Artifi- 
cial panelling on the cupboards seemed somehow more intense. 
... At the same time I was aware that my speech was slurred and 
that I seemed detached from my surroundings. Not only did my 
surroundings appear unreal, but I also had the sense of being un- 
real in some undefinable way. . . . I was aware that I was trans- 
fixed . . . and my hands were pulsing and even seemed to be 
increasing with size with each pulse beat. (McLeod and Sitaram 
1985: 449-450. Reprinted with permission from McLeod, W. 
R., and R. R. Sitaram. 1985. “Bufotenine reconsidered.” Act Psy- 
chiatrica Scandinavica 72, 5: 447-450. Copyright 1985 by Black- 
well Publishing.) 
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This report, like that of Fabing, clearly identifies bufotenine as a 
short-acting visionary substance. 

Field studies and laboratory analyses of snuffs and smoking prepa- 
rations derived exclusively from seeds of Anadenanthera colubrina 
var. Cebil, currently used in traditional healing practices in the Ar- 
gentine Chaco, have been reported (Torres and Repke 1996). The iso- 
lation of 12.4 percent pure bufotenine from a seed sample directly 
linked to unadulterated shamanic inebriants and the eyewitness ac- 
counts of both the preparation and use of these materials led the au- 
thors to conclude that bufotenine was solely responsible for the ob- 
served central activity of these preparations. It was calculated that a 
single cigar of crushed Anadenanthera seeds and tobacco might con- 
tain approximately 196 mg bufotenine. The weight of the powdered 
seeds necessary to obtain the given dose was only 1.5 g, considerably 
less than the 10 g said to be ingested by natives according to Turner 
and Merlis (1959). 

One problem of bufotenine-induced psychoactivity in human be- 
ings remains to be resolved. Visionary effects for bufotenine have 
only been demonstrated clinically by either intravenous or intramus- 
cular injections. Such modes of administration are obviously un- 
known in South American shamanic practice. In traditional healing, 
bufotenine-containing preparations are administered by three known 
routes: insufflation of finely ground seeds, smoking pulverized seeds 
often mixed with tobacco, and by enemas (Smet and Rivier 1985). 
Early clinical investigations have failed to elicit psychoactive effects 
in human beings, whether by inhalation of authentic snuffs or by di- 
rect nasal application of as much as 40 mg bufotenine (as the crea- 
tinine sulfate). The lack of effects seen in these studies can be ex- 
plained by the fact that in the clinical setting, only a subthreshold 
dose of bufotenine (about 1.5 g of snuff containing 6 mg bufotenine; 
Turner and Merlis 1959) was applied. It is clear from observations of 
animal behavior that peripherally administered bufotenine does pro- 
duce dose-dependent centrally mediated effects. Pharmacokinetic 
considerations, such as rapid metabolism, suggest that a larger nasal 
dose relative to the injection route would be required. By injection, an 
effective dose has been shown to be between 4 and 8 mg of bufo- 
tenine (molecular weight 204) free base, which on a molar basis 
equals 8 to 16 mg bufotenine creatinine sulfate (molecular weight 
413). Analyses of native snuffs suggest that approximately 100 mg 
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bufotenine (as the base) are ingested at one time (Torres and Repke 
1996; Turner and Merlis 1959). The largest dose of bufotenine (as the 
creatinine sulfate) employed in a clinical setting was 40 mg (Isbell in 
Turner and Merlis 1959), equaling only 20 mg bufotenine free base. 
Clearly, this would be a subthreshold intranasal dose. We can esti- 
mate that the threshold intranasal dose of bufotenine free base is be- 
tween 20 and 50 mg and that a fully effective dose is between 50 and 
100 mg. Confirmation of this estimate will have to await further clini- 
cally controlled study. Such a study will have to take into account not 
only the psychoactive effects of bufotenine but also any possible 
toxic side effects of the drug, namely its pulmonary vasoconstrictive 
action. It might be assumed that this effect would be more pro- 
nounced when the drug is administered by intravenous injection than 
by nasal administration. Seasoned traditional healers do not seem 
concerned with this, nor are they overcome by symptoms of respira- 
tory arrest. 

A delightful anecdotal account of a self-administered dose of pow- 
dered seeds of Argentine Anadenanthera colubrina var. Cebil has 
been reported by a European investigator (Rátsch 1996). The detailed 
translation follows: 


In January 1996 1 had the opportunity to take the snuff. 1 
insufflated approximately one half gram in two portions (one 
per nostril) [Representing about 22 mg bufotenine]. The next 
morning 1 wrote down the following account: We drew the 
blinds in our rain forest bungalow. The powder was inhaled with 
relative ease and without untoward event. It does not have the 
same burning properties as other snuffs (e.g., Anadenanthera 
peregrina). A mild stinging sensation on the mucosa was deemed 
acceptable. Initially I noted that my body felt heavier. Particu- 
larly the arms and legs assumed a leaden weight, but the sensa- 
tion in the body was characterized by a quite pleasent warmth. 
... I closed my eyes in a state of excited anticipation of the im- 
pending drug action. After about five minutes I grew aware of 
swirling, dancing phosphenes in my visual field. At this point 
they were bright pinpoints on a deep blue backdrop. The darting 
points of light associated into flowing, liquid forms and pat- 
terns. It was as though the flood gates of the Universe had been 
thrown open. A rushing tumult of patterns poured across my vi- 
sual field. Every point was the source of streams and rivers of 
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braided ropes of light. These braided and unbraided themselves 
in a vast tangle. All this took place at breakneck speed. A pan- 
orama of flowing designs—the exact patterns depicted in the 
nimbus surrounding the head of the Chavín deity! I marveled for 
minutes at the interlocking tessellation of these geometric shapes. 
They possessed a multiple interlocking penetrated arrangement 
which matched the characteristic style of Tiahuanaco artwork. 
At that moment I was convinced that the Tiahuanaco artists used 
this snuff to inspire their work. The rapidly shifting array of pat- 
terns transformed itself into a chaotic current of spermatozoa. 
These teemed and writhed in all directions at once, giving the 
sensation that they were on an (almost aggressive) mission to 
fertilize the entire cosmos. This tableau was followed by geo- 
metric forms which projected from the depths of the room and 
assembled themselves into a visual tunnel. To this point I had 
seen no color. Presently subtle colorations became apparent. 
The speed of visual effects began to ease—and suddenly they 
were over. I opened my eyes in the darkened room and had the 
sensation of an abrupt change in ambient light level. I briefly felt 
faint nausea; I belched and then felt fine. It was a truly novel vi- 
sionary experience. (Rátsch 1996: 60-61. Reprinted with per- 
mission from Rátsch, C. 1996. “Eine Erfahrung mit dem Mataco- 
Schnupfpulver Hataj.” Yearbook for Ethnomedicine and the Study 
of Consciousness 5: 59-65, Verlag für Wissenschaft und Bild- 
ung, Berlin. Copyright 1996 by Verlag für Wissenschaft und 
Bildung.) [Duration of effects was approximately 25 minutes.] 


Clearly, bufotenine is a many-faceted physiologically active sub- 
stance possessing short-term visionary effects in human beings. The 
mechanisms of this action, like those of other psychoactive trypta- 
mines, are not clearly understood. Studies of the involvement of sero- 
tonin, mediated by the complex central 5-HT receptor systems, offer 
some insight into this problem (Marek and Aghajanian 1998). How- 
ever, a mechanism of psychotropic action common to all known 
agents, at least of the major chemical classes, remains elusive. Per- 
haps we should view drug-induced hallucinosis as the unfolding of a 
wide-ranging process requiring a well-developed, time-sequenced, 
multisite model (such as a neuronal cascade). Reductionist investiga- 
tions of unimolecular events at the receptor level need to be integrated 
with an understanding of information processing in neural ensem- 
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bles. In addressing this latter matter, Deadwyler and Hampson (1997: 
218) stated, “A key missing concept in our appreciation of how the 
brain functions . . . is an understanding of the nature of the spatio- 
temporal impulse flow that constitutes the fabric upon which... 
critical events are tailored.” 

The operation of neural networks requires multiple nonlinear pro- 
cesses occurring at the synaptic, cellular, and network levels (Getting 
1989). It will be challenging to devise and perfect experimental tech- 
niques that will allow measurement of such dynamic processes in 
large segments of vertebrate central nervous systems without damag- 
ing neural interconnections. No doubt the twenty-first century will 
witness such advances. An account from the first chemical examina- 
tion of the brain stated: 


[T]he brain is certainly that part of the animate body in which 
the subtlest and most penetrating substance alone is received . . . 
the brain is truly the throne of the soul and the abode of wisdom. 
... Hence its nature and what emerges from its constituent parts 
concerning temperament, disposition, number and mixture de- 
serves to be investigated a little more exactly. (Hensing 1719, in 
Tower 1983: 249) 


After nearly 400 years of research and with the help of the study of 
psychoactive drugs, we are presently a bit closer to understanding 
“exactly” how our brains work. 
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APPENDIX: 
CHEMICAL STRUCTURES 
OF ANADENANTHERA- 
BASED DRUGS 
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ketanserin 
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Chapter 6 


Summary and Conclusion 


Anadenanthera is a genus of arborescent legumes that currently 
consists of two species, A. peregrina (L.) Speg. and A. colubrina 
(Vell.) Brenan. Each of these has two varieties: A. peregrina (L.) 
Speg. var. peregrina von Reis Alt. and A. peregrina (L.) Speg. var. 
fálcata (Benth.) von Reis Alt. A. colubrina (Vell) Brenan var. 
colubrina von Reis Alt. and A. colubrina (Vell.) Brenan var. Cebil 
(Griseb.) von Reis Alt. Originally classified by Bentham (1840) as 
section Niopo of the much larger genus Piptadenia, the species of 
Anadenanthera differ sufficiently in a number of morphological 
characters to warrant separate classification. Among these are flower 
structures, such as presence or lack of anther glands and shape of an- 
thers, and pod or seed characteristics such as dehiscence of pods 
along one suture, or suborbicular seeds, narrow or not winged, lack- 
ing endosperm. Elements of wood anatomy, including the presence 
of nonseptate fibers and wide, typically 4- to 5-seriate rays, also serve 
to separate Anadenanthera from Piptadenia. In addition, Reis Altschul 
(1964) distinguished the two species of Anadenanthera based on the 
presence or absence of anther glands, the position of the involucre 
surrounding the peduncle, pod texture, and geographical location. 

Although botanists rarely accept chemical markers when classify- 
ing plants, especially on the level of species, there are cases where 
consistent trends in the chemical makeup of botanically closely re- 
lated plant groups might help to delineate sections. Rarer still would 
be the acceptance of a single chemical as a unique character when 
classifying genera, let alone the establishment of a new genus. The 
presence of relatively large quantities of bufotenine in the seeds of 
both species and varieties of Anadenanthera was considered as an 
ancillary feature of distinctness when the last revision of the genus 
was made (Reis Altschul 1964). This was based strictly on a quantita- 
tive, not merely qualitative, analysis since bufotenine has also been 
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found to occur in species formally belonging to Piptadenia. Bufo- 
tenine content in the two species of Anadenanthera has consistently 
been found to be between 1 percent and 12 percent of the weight of 
seeds, whereas occurrence of this alkaloid in Piptadenia proper is 
usually much less than 1 percent. 

The genus Anadenanthera continues to have a significant role in 
society and culture in South America. Historically, these trees have 
been part of the economic, medicinal, and spiritual development of 
the region. Among their economic uses were lumber, paper pulp pro- 
duction, and the tanning and dyeing of leather. Logging of both natu- 
ral and cultivated Anadenanthera forests continues to this day, al- 
though on a much reduced scale relative to the early twentieth 
century. Medicinally, the tannin from species of Anadenanthera has 
been used to produce a less bitter-tasting antimalarial preparation of 
quinine. Along with its adhesive properties, angico gum derived from 
these trees has been used in the treatment of respiratory illness. The 
chemical composition of angico has been shown to consist of poly- 
saccharides derived from galactose, ribose, arabinose, xylose, and 
rhamnose. 

Chemical analyses of species of Anadenanthera have been thor- 
ough. Every part of the plants has been examined. A number of ste- 
roids such as f-sitosterol and its palmitic ester, as well as several 
triterpenoids (lupeol and lupenone) and neoflavanoids (dalbergin and 
Kuhlmannin) have been detected in heartwood (Miyauchi et al. 
1976). The leaves have been shown to contain the C-flavanosides 
orientin and vitexin (Figure 4.3), a number of cyclitols (inositol, 
pinitol, bornesitol, ononitol, and quebrachitol; Plouvier 1962), sev- 
eral rare amino acids, such as 5-hydroxypipecolinic acid, L-albizzin, 
and djenkolic acid (Krauss and Reinbothe 1973), and a host of indole 
alkaloids (Figure 4.4). The last are by far the most studied chemical 
substances in Anadenanthera. A dozen tryptamine and P-carboline 
alkaloids have been detected in leaves, seeds, pods, seedlings, roots, 
bark, and twigs (Schultes et al. 1977). The seeds contain the largest 
quantities of the three main alkaloids, bufotenine, N,N-dimethyl- 
tryptamine, and 5-hydroxy-N-monomethyltryptamine. No single in- 
dividual of any species has been shown to contain all twelve alkaloids. 

Methods of preparation and additives are so variable that it would 
be senseless to endeavor to establish fixed or specific recipes. The 
seeds are usually roasted and powdered; they can be ingested as the 
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sole ingredient, but most frequently an alkaline substance is added to 
the powdered seeds. The alkaline component is obtained from cal- 
cined and powdered snail shells or ashes from burned tree bark or 
stems. Tobacco leaves are also a frequent admixture. The most com- 
mon method of administration is by snuffing, although Anadenan- 
thera seeds are often mixed with tobacco and smoked as a cigar or in 
pipes, or even administered as enemas (Califano 1976; Métraux 
1947; Nimuendajú 1948b; Reichel-Dolmatoff 1944; Spruce 1970). 
Snuffing is accomplished two ways: self-administered and collabora- 
tive. Self-administration is done via a variety of implements, usually 
made of bird bones. The shapes include single tubes, double parallel 
tubes, and Y- and V-shaped inhalers (Plate 54). The collaborative mo- 

_dality is usually achieved with a long bamboo or bird bone tube that is 
preloaded with the powder, one individual blowing the snuff into the 
nose of another. Some groups such as the Maué and Kaxúyana place 
the snuff on elaborately carved snuff trays with affinities to pre- 
Columbian Andean artifacts. Ceremonies of the Maué, Kaxúyana, 
Guahibo, and Tunebo, among others, are often night-long sessions 
accompanied by continuous use of snuff (Frikel 1961; Reichel- 
Dolmatoff 1944, 1978); on the other hand, Yanomamó and Tupari 
snuffing rituals are frequently diurnal. 

The pipes and associated Anadenanthera seeds from Inca Cueva 
and Huachichocana in northwestern Argentina provide the earliest 
evidence for psychoactive plant use in all of South America. The ar- 
chaeological context for these pipes has been dated at ca. 2130 B.C. 
and 1450 B.C., respectively. The earliest evidence for snuffing is pro- 
vided by the Peruvian coastal sites of Huaca Prieta and Asia, both 
dated to ca. 1200 B.C. Further south, in the extreme north coast of 
Chile, several sites have yielded snuffing equipment dated to ca. 
1000-800 B.C. 

The highest concentration of archaeological evidence for the use 
of visionary snuffs is in the southern sector of the Central Andes. This 
area includes the Atacama Desert, the Puna de Jujuy, and the Que- 
brada de Humahuaca. In San Pedro de Atacama, the archaeological 
region with the highest incidence of snuffing paraphernalia, approxi- 
mately 20 to 22 percent of the male population was using psychoac- 
tive snuffs between the third and the tenth centuries A.D. The Loa 
River basin of northern Chile and the Quebrada de Humahuaca in 
northwestern Argentina are the second and third areas with extensive 
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and clear archaeological evidence for the use of snuffs. The plant 
source of the snuff used in this area is Anadenanthera colubrina var. 
Cebil, as demonstrated by the detection of bufoteninein archaeologi- 
cal snuff samples and by the presence of its seeds in archaeological 
contexts (Llagostera et al. 1988; Torres et al. 1991). The probable 
plant source for the snuff powder used at Huaca Prieta, Chavín de 
Huantar, as well as by the Muisca of the northern Andes, was 
Anadenanthera peregrina. This species was probably obtained from 
the tropical forest area, one of many tropical forest goods traded into 
the Andean highlands and the Pacific coast. 

Indigenous use of psychoactive preparations from seeds of Ana- 
denanthera species closely overlaps the geographical range of the ge- 
nus. Those groups on the margins or beyond its distribution often en- 
gaged in trade to obtain these seeds. The Piaroa traded curare for yopo 
with the Guahibo, who did not prepare this dart poison (Reichel- 
Dolmatoff 1944). Yanomamó villages located near Anadenanthera 
groves will trade the seeds over a wide area (Chagnon 1992). In ex- 
amining the ancient cultures of the Atacama and northwestern Ar- 
gentina, the study of such trade relations could contribute to the un- 
derstanding of patterns of ideological exchange. 

A comparative review of the interaction between San Pedro de 
Atacama and northwestern Argentina raises pertinent questions re- 
garding the spread of ideological traits. Mercantile exchange be- 
tween these two areas is apparent in the frequent presence of ceram- 
ics, baskets, smoking pipes, and other artifacts. Objects from the 
Argentine northwest are frequent in San Pedro de Atacama and vice 
versa. However, two important features do not seem to correspond to 
the established trade patterns. First, it is known that the habitat of A. 
colubrina var. Cebil did not include the Atacama Desert. Available 
evidence points to the seeds of this leguminous tree as a primary com- 
ponent of snuff powder preparations. If the cebil seed trade was as 
important as the evidence suggests, certain elements of technique and 
iconography were not part of the exchange. In San Pedro de Atacama, 
smoking via ceramic or stone pipes disappeared from the archaeolog- 
ical record ca. A.D. 300, concurrent with an increase in the presence of 
snuffing paraphernalia. Visionary inhalants greatly lose importance 
in San Pedro de Atacama after A.D. 1000. In contrast, in neighboring 
northwestern Argentina, smoking was the preferred modality for the 
consumption of visionary substances since at least 2000 B.C., and 
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snuffing did not acquire importance until after A.D. 900. Second, 
Tiwanaku iconography was of relative importance in San Pedro de 
Atacama, while in northwestern Argentina there is no evidence for 
this type of iconography. Given the extensive trade between these two 
areas ca. A.D. 100 to 900, which most probably included cebil seeds, 
it is notable that snuffing paraphernalia as well as Tiwanaku icono- 
graphic elements were apparently not present in northwestern Argen- 
tina during this period. The existence of diverse snuff powder recipes 
must be considered, not all of which may have been dependent on A. 
colubrina. Flora with psychoactive properties unknown to us might 
have provided the necessary ingredients for alternative formulas that 
might have been used by the people of San Pedro de Atacama. Not- 
withstanding this factor, it can be concluded that ideological ex- 
change was not an indispensable part of mercantile exchange and in 
some instances remained autonomous and discreet. 

The iconography related to psychoactive plant use in South Amer- 
ica is composed of widespread themes and motifs that appear in every 
culture, as well as regional iconographic configurations that reflect 
the influence of the cultures within which these images were pro- 
duced. Thematic units with a widespread geographical distribution 
include avian, feline, and ophidian representations, images that are 
closely related to the use of shamanic inebriants all over South Amer- 
ica. Avian imagery is associated with snuffing in the form of bird 
bone tubes with feathers as cleaners or as ornamentation, even as part 
of the shamanic costume. Avian motifs are sometimes carved onto 
snuffing implements (e.g., the Maué and Tupari). Snuffs are kept in 
jaguar bones, and Guahibo shamans from the Colombian lowlands 
paint their faces with marks simulating a jaguar's skin, wear neck- 
laces of jaguar teeth, and carry their snuffing paraphernalia in bags of 
jaguar fur (Reichel-Dolmatoff 1978). Regional and temporal varia- 
tions of central Andean thematic units are seen in the profile and fron- 
tal staff-bearing figures represented on snuff trays incised with Tiwa- 
naku motifs, and in the decapitation or Sacrificer theme that appears 
most frequently in northern Chile and northwestern Argentina. 

The wide spatial and temporal distribution of the evidence for 
Anadenanthera ritual and visionary use attest to its importance in the 
construction and subsequent maintenance and modifications of pre- 
Columbian and postcontact indigenous ideologies. The study of the 
objects utilized in the manufacture and ingestion of Anadenanthera 
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preparations by pre-Columbian cultures provides the opportunity to 
explore its role in the construction of complex iconographic systems 
and state formation in the central Andes. Throughout the pre-His- 
panic world, psychoactive plants are considered intermediaries be- 
tween the human and the supernatural realm; they are capable of par- 
ticipating in the interpretation and creation of cultural elements (see 
Bourne 1906; Colombo 1992; Frikel 1961; Las Casas 1909; Pané 
1974; Reichel-Dolmatoff 1971). 

The sources of snuff powders used in traditional healing practices 
throughout South America have been verified by chemical analysis. 
Although complicated by the occasional admixture of one or more 
plants to these preparations, the presence of large quantities of bufo- 
tenine is enough evidence to assign species of Anadenanthera as at 
least one ingredient of the snuff. The absence of bufotenine and the 
presence of a high concentration of 5-methoxy-N, N-dimethyltrypt- 
amine assigns one or more species of Virola as its source. Detection in 
Amazonian snuffs of the carboline alkaloids harmine, harmaline, and 
tetrahydroharmine suggest use of species of Banisteriopsis as snuff 
powder admixtures. Although traces of several reduced B-carboline 
alkaloids have been detected in Anadenanthera, these generally either 
lack a ring oxygen substituent or possess one at position 6, clearly dif- 
ferent from the harmine class, which always has a methoxy or hy- 
droxy group at position 7. The theory that admixtures of B-carbolines 
and tryptamines in the same psychoactive preparations gives rise to 
enhanced effects has been advanced. In the case of orally ingested 
ayahuasca preparations, the known MAO inhibitory effects of harmine 
and harmaline have been postulated to play a role in rendering the 
normally orally inactive dialkyltryptamines such as DMT far more 
centrally bioavailable (see Ott 1994 for a thorough discussion). A 
certain number of anecdotal reports would also suggest that ingestion 
of dialkyltryptamine/B-carboline preparations by smoking also leads 
to enhanced effects relative to the ingestion of DMT alone (Ott 1994). 
Several lines of reasoning suggest that such use might not be the case 
with either snuffed or smoked preparations of Anadenanthera. As 
mentioned, analytical encounters with snuff or smoking preparations 
containing harmine (from Banisteriopsis) and the dialkylated trypta- 
mines (from Anadenanthera) are extremely rare. Given the common 
co-occurrence of these plants in the same geographical regions and 
the obvious general shamanic awareness of the properties of prepara- 
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tions of both plants, we can conclude that such snuff admixtures are 
not widely deemed necessary. The occasional finding of a snuff prep- 
aration of only the B-carboline—containing Banisteriopsis could sug- 
gest a local or temporary unavailability of Anadenanthera seed prep- 
arations. Although of possible pharmacological significance as pure 
compounds, the reduced B-carboline alkaloids found in A. peregrina, 
2-methyl- and 1,2-dimethyl-6-methoxy-1,2,3,4-tetrahydro-B-carbo- 
line, were of very low concentration and were confined to the bark, a 
part of the plant known not to be employed in snuff preparations. A 
single reported occurrence of the third carboline alkaloid, 2-methyl- 
1,2,3,4-tetrahydro-B-carboline, in trace («.01 percent) amounts in 
seeds of A. peregrina would be without physiological significance. 
Last, none of the three Anadenanthera carbolines have ever been de- 
tected in the snuff preparations themselves. 

Laboratory work has confirmed that even over relatively short time 
periods, the chemical composition of the snuff powder preparations 
degrade. The only detectable alkaloid after a year's storage was 
bufotenine, perhaps reflecting its very high concentration in the origi- 
nal sample. However, alkaloids have been detected in snuff samples 
and seeds that have been stored for much longer periods. Snuff sam- 
ples of more than a thousand years in age excavated in the Atacama 
Desert (Torres et al. 1991) and seeds from 120-year-old museum 
sources (Schultes et al. 1977) have also been found to contain bufo- 
tenine residues. 

The biosynthetic sequences by which secondary metabolites such 
as the tryptamine alkaloids are formed have been extensively studied. 
At first glance, it might be assumed that small molecules such as bu- 
fotenine are formed through a simple, linear reaction pathway, much 
as they are synthesized in the laboratory. In certain plant species, this 
might be true, but in dealing with complex biological organisms, 
studying the number of variables in chemical reactions taking place 
in living cells can be daunting. Arriving at a complete picture of 
biosynthetic pathways involves understanding the role of enzymes 
and cofactors, reaction kinetics and chemical mechanisms, stoichio- 
metry of reactions, and the relationships of intermediates to products. 
Although much useful information can be gained from precursor- 
product studies involving precursor feeding (balance studies) or 
radiolabeling experiments, enzymatic rate-limiting steps must be 
taken into account. Although complete biochemical studies with 
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Anadenanthera have not been reported, the information gleaned from 
several partial studies indicates that the “best guess” reaction se- 
quence for the formation of bufotenine is: tryptophan — tryptamine 
> serotonin (5-HT) — N-methyl-5-hydroxytryptamine — bufote- 
nine (Figure 4.6). 

Of the dozen alkaloids found in Anadenanthera, many have signif- 
icant biological effects in human beings and other animals. For exam- 
ple, numerous anecdotal (Ott 1994; Shulgin and Shulgin 1997) and a 
few clinical studies (Strassman and Qualls 1994; Strassman et al. 
1994) have positively demonstrated the short-acting, powerful vi- 
sionary effects of N, N-dimethyltryptamine (DMT). Fewer studies of 
its close analog, 5-methoxy-DMT (Shulgin and Shulgin 1997) have 
shown an even more powerful event, not universally appreciated. 
Serotonin (5-HT) is perhaps the most widely studied of the simple 
tryptamines by virtue of being a very important mammalian neuro- 
transmitter involved in a variety of CNS functions such as sleep, ap- 
petite, sexual function, pain, and motor regulation. Outside of basic 
pharmacological experiments demonstrating simple effects on blood 
pressure, heart rate, and receptor binding properties, much less is 
known about the monoalkyl tryptamine Anadenanthera alkaloids, 5- 
methoxy-N-methyltryptamine and 5-hydroxy-N-methyltryptamine (N- 
methyl-serotonin). Next to nothing is known of the pharmacology of 
bufotenine N-oxide and the tetrahydro-B-carbolines. Some interest in 
the B-carbolines has been shown relative to their possible anxiogenic 
and MAO inhibitory properties, as well as their potential role as hu- 
man pineal metabolites in the study of alcoholism. Except for a minor 
role as possible synergists to the effects of bufotenine, the presence of 
any of these compounds in snuff preparations is insignificant because 
of their very low concentrations. The main constituent and most cen- 
trally significant component of the Anadenanthera snuffs is bufo- 
tenine, 5-hydroxy-N, N-dimethyltryptamine. 

There have been only a few reported human studies with pure 
bufotenine, and still fewer with authenticated Anadenanthera snuff 
preparations. None of these studies could be considered truly clinical 
because of the lack of blind, placebo-controlled, and random meth- 
ods. Considering the often profound and prolonged central effects in- 
duced in humans by fully visionary substances such as LSD, mesca- 
line, DOM, and psilocybin, a truly random study with such drugs 
would raise serious ethical and moral questions, especially with naive 
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subjects, or even those whose sole idea of intoxication involves alco- 
hol, marijuana, or cocaine. Such experimentation could only be ap- 
proached with full disclosure and an enlightened informed consent, 
even with a group of veteran subjects, well-experienced with the na- 
ture and sequelae of visionary events. 

Self-experiments using bufotenine free base have been reported 
(Ott 2001a, 2001b). Because of the sparse pharmacological informa- 
tion on bufotenine, Ott, with the cooperation of two well-informed 
and experienced volunteers, decided to investigate the intranasal ac- 
tivity of bufotenine free base. The alkaloid was isolated from A. 
colubrina var. Cebil seeds collected in Salta, Argentina. All bio- 
assays were conducted outside the United States in countries in 
which bufotenine is not a controlled substance (only in the United 
States is bufotenine illegal). Self-experiments by Ott and one of the 
authors (Torres) demonstrated its marked visionary effects. Nasal in- 
halation of 100 mg bufotenine free base elicited brilliantly swirling 
geometric patterns accompanied by synesthesia at four minutes. 
There was noticeable heaviness in the limbs and slight pressure all 
over the body at 15 minutes. Geometric patterns subsided at approxi- 
mately 25 minutes, after a period of pronounced spatial and temporal 
disorientation. The profound visionary stimuli that followed were not 
as colorful and full of light as those caused by psilocybin, mescaline, 
and LSD. Instead, the psychoptic space was dimly illuminated and 
completely removed from the familiar, its components barely visible 
in the threshold between light and dark. The body was relaxed, with 
no redness in the face present, nor cardiac nor respiratory distress 
experienced. Cessation of effects was abrupt at one hour and 50 
minutes. 

Enough information can be gleaned from the limited number of 
anecdotal studies with bufotenine to conclude that it is, indeed, a po- 
tent short-acting psychoactive compound possessing properties not 
unlike those of its close analog, N,N-dimethyltryptamine. It can also 
be concluded that bufotenine is largely responsible for the inebriating 
effects of Anadenanthera snuffs and fumatories. Although postulated 
to occur naturally in humans suffering from a variety of mental disor- 
ders, the verification of bufotenine as a causative factor in schizo- 
phrenia, bipolar disorder, chronic anxiety, or paranoid psychosis as- 
sociated with violence has not been conclusively demonstrated. 
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Investigations of the basic pharmacology of bufotenine have shown 
that it is not a particularly remarkable substance. Although demon- 
strated to have partial to full agonist properties at a host of 5-HT (and 
possibly alpha-adrenergic) receptor subtypes, it does not appear to 
have a high specificity for any single receptor. Other effects of 
bufotenine on the serotonin neurotransmitter system include the re- 
lease of 5-HT from synaptosomes and reuptake inhibition, effects 
possibly mediated by the serotonin active transport carrier. Bufote- 
nine has also been shown to be a mild MAO inhibitor. These proper- 
ties might partially account for the observed central effects of the 
drug in animals in which bufotenine has poor blood-brain barrier 
penetration. The major physiological actions of bufotenine in mam- 
mals include mild increases in both force and rate of heart contrac- 
tions and pulmonary perfusion as a result of vasoconstriction. This 
property also gives rise to effects on temperature regulation. The 
acute toxicity of bufotenine appears to be rather low, with an LD, in 
rodents of 200 mg/kg. Death occurs via respiratory arrest. The insect 
world seems to be remarkably sensitive to the application of bufo- 
tenine, perhaps reflecting the importance of 5-HT in the nervous sys- 
tems of these organisms. Such effects as electrical activity in ant 
brain, diuresis in other insects, heart stimulation in the tobacco horn- 
worm and certain crustaceans, nerve stimulation in snails, teratoge- 
nicity in the planarian worm, and stimulation of egg laying in butter- 
flies have all been demonstrated. 

We now conclude the story of Anadenanthera shamanic prepara- 
tions and bufotenine. Undoubtedly, this monograph will not be the fi- 
nal word on topics that have occupied scientific interest for more than 
a century. Future avenues of research could include, for example, a 
clarification of the geographical distribution of the genus in the tropi- 
cal forest area; A. peregrina var. falcata and A. colubrina var. colub- 
rina, the two least known varieties, should be the subject of direct 
field studies. Andean archaeology would benefit by a thorough inves- 
tigation of trade routes and patterns of interaction related to the trade 
in Anadenanthera seeds and related paraphernalia. The snuffing 
equipment was one of the carriers of ideology during the Middle Ho- 
rizon period (ca. A.D. 200-900; Menzel 1964) of Andean cultural his- 
tory, and it circulated over a wide geographical area. Such a study 
would allow us to better understand the exchange of complex ideolo- 
gies between peripheral areas such as San Pedro de Atacama and 
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Niño Korin, with pre-Hispanic metropolitan centers in the Lake Titi- 
caca basin. A further study of bufotenine should include detailed in- 
vestigations of indigenous Mesoamerican, as well as Asian, use of 
cutaneous exudates of Bufo toad. We trust that the reader will be able 
to understand the complex role of Anadenanthera in New World ide- 
ologies that we have endeavored to chronicle. The twenty-first cen- 
tury will witness a further unfolding of our understanding of brain 
chemistry through the use of simple tryptamines such as bufotenine 
and its analogs as research tools. 
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